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Siripive friction in systems of mechan- 
ism gives rise to losses of energy and to 
increase of resistance which are usually 
very considerable, and which are often 
the only sources of “lost work,” and of 
the reduction of efficiency below its 
maximum value—unity. In any well- 
proportioned and properly managed ma- 
chine or train of mechanism, the wastes 
of energy are due solely to friction; in 
badly-proportioned mechanism, subject 
to overstrain or shock, causing deforma- 
tion of parts, energy is lost equal in 
amount to the work expended in produc- 
ing permanent distortion. 





But as the} 


amount; that it is, under favorable cir- 
cumstances, vastly less than has been 
generally supposed ; and that it is influ- 
enced, where lubrication is employed, by 
every change of velocity of rubbing, of 
temperature, and of intensity of press- 
ure, as well as by the characier of the 
lubricant. 

In machinery and mill-work, and in 
mechanism generally, it is usually found 
that the wastes of energy caused by slid- 
ing friction are principally due to friction 
of rotation; 7. e., to the friction of shaft- 
ing, of journals, and of pivots in their 
bearings. This form of friction, and 


engineer generally only considers cases| this method of waste, are the subjects of 
of correct construction in determining|the paper here presented. The friction 
the magnitude of such waste, it may be|of straight sliding pieces has been fre- 
asserted, as a general and fundamental | quently studied and is well understood ; 
principle, that, in all good engineering, the | that of rotation has been less fully inves- 
sole cause of waste of mechanical energy | tigated, although considered at some 
is friction. These facts and this principle | length in a few treatises. The import- 
sufficiently indicate the importance to} ance of the subject is such, however, as 
the engineer of a careful study of the! will justify the most extended examina- 


magnitude and of the method of such 
losses. 

The writer has elsewhere* given the 
results of experimental determinations of 
the values of the coefficients of sliding 
friction, and has shown that the lost work 
in mechanism varies very greatly in 
__* Friction and Lubrication, Railroad Gazette Publish - 
ing Company, New York, 1878 Materials of Engineer- 
A Part I., 2d Edition, J. Wiley & Sons, New York, 
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tion. 

Tue Fricrion oF JouRNALS causes & 
waste of the energy traversing a machine, 
which is dependent in amount upon the 
velocity of rubbing, the magnitude of the 
load, the method of distribution of the 
resulting pressure, and of variation of its 
intensity, the size of the journal, the na- 
ture of the lubricant and its physical 
condition, especially as determined by its 





; 
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temperature, and on the value of the co- 
efficient of friction as determined by all 
these modifying conditions. 

A journal in good order, well-fitted, 
and smoothed down by prolonged work- 
ing, should never show evidences of 
measurable wear. Such journals have 
sometimes been known, by the writer, to 
show no appreciable alteration of form 
and fit after years of constant work. 

The First Case of permanent fit of 
journal is that in which the journal is ex- 
actly fitted to its bearing when new, and 
so perfectly adjusted that no sensible 
wear takes place. In this case, the press- 
ure brought upon the rubbing surface 
by the load is distributed by a certain 
method of yielding of the loaded metal, 
and according to a simple and definite 
law, the investigation of which is one of 
the principal objects of this paper. Un- 
der this law, an adjustment takes place 
which, if the bearing surfaces are suffi- 
ciently large, of good material, and well 
lubricated, is permanent. 

The Second Case is that in which wear 
occurs, and until all parts of the journal 
and bearing in contact wear until a “ fit” 
is thus attained, such that every part is 
compelled to carry equal pressure, and 
until wear ceases to be observable. 

The Third Case to be considered is 
that in which the journal is loose and the 
bearing surface, or surface of actual con- 
tact, is assumed to be a straight band of 
inconsiderable width. 

These are the three typical cases for 
cylindrical journals, and these cases only 
are to be here studied. Actually, in prac- 
tice, probably, neither case is often met 
with ; the real condition of the journal is 
usually intermediate between one or the 
other pair of these type-examples. 

It is evident, from what has been just 
stated, that the friction of journals, other 
things being equal, depends greatly for 
its amount upon the method of distribu- 
tion of pressure, and is not necessarily, 
and probably may not be often, measured 
exactly by the product of the load on 
the journal by the coefficient of friction. 
It may be sometimes, and in fact often is, 
very much greater. It thus becomes an 
important problem to determine the man- 
ner in which variation of intensity of 
pressure affects the total resistance due 
to friction, and the method of that varia- 
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tion as produced by the different modes 
of fitting journals. 

Tar Work Doxe anv Heat Devetorrn, 
by the friction of any journal, is measured 
by the product of the total normal press- 
ure on its rubbing surfaces into the mean 
coefficient of friction, and into the space 
traversed by the surface of the journal, 
relatively to the surface of the bearing, 
in the given time. 

If » represent the mean intensity of 
pressure, / the length of journal, 6 tl. 
angle over which the pressure distributed. 
r, the radius of the journal, 7 the mean 
coefficient of friction,* and # the number 
of revolutions made in the given time, 
the work of friction will evidently be 

U=p.Lr, 0. f.2ar,n 
au @ 


—-“ 


\l 
When 6=7, as ina journal receiving 
no pressure from its cap, 
U-=2 2’ ii tpl nN; 


@=27,as when the 


exe fpln 0 


and when cap is 


screwed down hard, 
U=4 7" ‘ Tp ln. 

When the load is fixed, the intensity of 
pressure varies inversely as the area of 
the fjournal, and p/lr,@, becomes con 
stant. Hence in such cases, the resist- 
ance of friction, fp/7r,0, is constant, and 
the work of friction and energy wasted 
becomes proportional to the diameter of 
the journal; while both quantities are 
independent of the length, except so fa 
as it affects the coefficient of friction 
Journals are therefore properly propor- 
tioned by making their diameter such 
is dictated by considerations of strength 
and safety against “springing,” and de- 
termining their length by reference to 
the loss of work by friction and the lia- 
bility to heating. 

The minimum limit, as to length, is set 
by this last consideration. As has been 
fully shown by the writer, the coefficient 
of friction increases with increase of bea 
ing area and consequent decrease in in- 
tensity of pressure ; the conclusion ther 
fore follows that bearings should be as 
short as is consistent with security against 
heating. This conclusion is the more 

* With good lubrication, it may be assumed that, in 
heavy machinery and under pressures not far from 
| 100 pounds per square inch (7 kgs. per sq cm.), the 
value of / may be reduced below one per cent., vary- 


| ing approximately inversely as the square root of the 
| intensity of pressure. 
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important from the fact that a long jour- 
nal is liable to spring, and thus to con- 
centrate pressure at the end, and to 
cause heating in that way. With every 
diameter of shaft, therefore, there is a 
limit beyond which no increase of length 
of journal will prevent heating. With a 
given shaft, heating under a given load, 
no increase of diameter will reduce lia- 
bility to heat—if the shaft does not 
spring—and increasing its length may 
afford advantage only up to a limit. 

Tue Heat Due to Friction, H, is pro 
portional to the work done on the journal, 


and is measured in thermal units by the! 


quotient of that work U, by the mecbani- 
eal equivalent of heat J, 7. e., 
U 
ae 
J 


This heat is carried away by conduction 
to adjacent masses, and by radiation. If 
it is carried away as rapidly as it is pro 
duced, the journal remains cool; if not 
thus carried off, the journal heats up un- 
til the rate of dispersion is equal to that 
of production, or until it becomes neces- 
sary either to apply cooling agents or to 
stop the machine. 

Tae Temperature Arrarnep by a jour- 
nal when thus heating is limited by the 
facilities for conduction and radiation of 
heat from it. The maximum safe tem- 
perature is that beyond which liability to 
rapid and dangerous heating is incurred, 
and is always below the temperature of 
decomposition or vaporization of the 
lubricant. A warm journal will often 
work better than a cold one; a hot bear- 
ing is always a source of danger. A jour- 
nal so proportioned as to run warm with 
good lubrication is to be watched with 
the utmost care. As already seen, since 
the tendency to heat increases directly as 
the intensity of pressure, and as the 
amount of work done, and inversely as 
the area across which the heat can be 
transmitted, the diameter of the journal, 
if it be sufficiently strong and stiff, does 
not affect this phenomenon. 

Case 1.—Tue Perrectty Firrep Jovur- 
NaL is the most interesting of the three 
cases here to be considered. When a 
journal is exactly fitted to its bearing,* 
as is usually the fact, without pressure, 


(2 


_*The custom now common of grinding journals to 
size, and sometimes of scraping the bearing, makes 
this an increasingly frequent case. 
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| 
| the action of the load will cause a minute 


change of form, which, although quite 
imperceptible, will produce a variation of 
intensity of pressure between the rubbing 
surfaces, from a maximum on the portion 
normal to the line of direction of the re- 
sultant load, to zero on the surfaces par- 
allel to that line, and according to a sim- 
ple and easily determined law. 


This Method of Distribution of Press- 
ure, Which was, as he believes, originally 
investigated by the writer, is determined 
in the following manner: 

The maximum intensity of pressure 
under which any journal of good form 
and correct, proportions may be worked, 
is from 500 pounds to the square inch, 
with iron journals, to about 1,000 pounds 
with steel (35 to 70 kgs. per sq. cm.); the 
elastic limit of the bearing metal is always 
far above these figures, and that of the 
metal of the journal usually very much 
higher still. The compression of the 
metal, under working pressure, will be 
proportional to the intensity of the press- 
ure at each point, and this principle will 
determine the law of distribution of press- 
ure. The intensity of the pressure will 
be everywhere proportional to the elastic 
displacement of the metal. 

Let p represent the intensity of press- 
ure on any element of the surface of the 
journal having a length /, and a breadth 
r, dO, and let N represent the normal 
pressure on this elementary area /r, d60; 


then 
(3) 


The sum of all the vertical components 
of these elementary normal pressures, 
p = N cos. 6, where 9 is measured from 
the vertical, is equal to the load W on the 
journal ; 7. e., 


Ww =f plr, cos. 0 dé. (4) 


But the normal pressure p varies from 
a& maximum, at the bottom of the bearing, 
to a minimum at the sides, there becom- 
ing zero when the bearing is a semi-cylin- 
der. At intermediate points the normal 
pressure is 


N=plr, dé 


p =p, cos. 9, 


in which quantity p, is a constant, the 
value of which is to be determined. The 
value of p being obtained, and introduced 


| into the formula, 
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W =p,/ rf cos.” 6 dé. 


which is to be integrated between the 
limits 


(5) 


a , A 
O6=+- >> G=— > 


to obtain W in terms of p, ,when the journal 
bears upon a semi-cylindrical surface, or 
between the positive and negative values 
of 6 for any other method of bearing. 
From the relation thus obtained the value 
of p, is deduced. It will be seen that p, 
is the measure of the maximum intensity 
of pressure between the rubbing surfaces, 
occuring when 0 = 0, 7. e., at the bottom 
line of the bearing. 


To Derermine THE Maximum Pressure 
p’ on the journal, let AC B, Fig. 1, repre- 


| 








Fie. 1. 


sent the trace of the bearing surface upon 
the vertical plane, the journal being per- 
fectly fitted and unloaded. When the 
load comes upon it the journal will sink 
a minute distance, OO’, CC’, AA’, BB, 
and will rest in equilibrium between the 
elastic resistance to compression, thus 
brought into play in the metal, and the 
weight sustained by the bearing, the sur- 
faces of contact taking the new position 
A’ C’ B’, of which every point now lies 
directly under its original position, and 
at a distance from it equal, at every point, 
to OO’. The compression of the metal 
in the direction of the normal pressure p, 
will be at each point, as E, equal to EI. 
The product of this vertical displacement, 
E J, into cos. 6; and the intensity of the 
pressure, the elastic limit of the metal 





not being exceeded, will be proportional 
to this compression, varying from 0 at B’ 
to a maximum p’ at C’. At any interme- 
diate point, the compression is, for a small 
total depression of the shaft OO’ cos. 8, 
and the intensity of the pressure, conse- 
quently, p’ cos. @. 

Since the load, W, is sustained by the 
sum of the vertical component of these 
normal pressures, each of which is of the 
intensity, 
w=p cos. =p, cos.’ 6, 


+0’ 
W=2u=p, Inf 4,008 6 dé, 


=p,tr,(3 6’ +4 sin. 2 0) 


as before, and 


a 
+(40+4sin2 ) 


Q’ 


, 


Ww 


=> . 6 
P= Ip (6) 


n 
Tha i, 
When 6 =>: 


bene W _ 0.64 W 
P\=Toilr, tr, ° 
and the pressure at any point, E, of the 
journal, has the intensity, 
0.64 W cos. 0 si 
p=p, cos. 9=— eos « @) 


7 ea 
W hen C= 3? 


cae WwW —— W cos. 0 
oe yes ae Fe 


1 


, nearly; (8) 


and the maximum pressure is nearly equal 
to four-thirds the load on the journal di- 
vided by its projected area on the hori- 
zontal plane, and is very nearly the same 
as in the previous case, although one- 
third the bearing surface has been re- 
moved. This is often done by engineers 
in charge of heavy machinery, to prevent 
risk of “ gripping” or “binding,” should 
the bearing heat. 

It is evident that the same method ap- 
plies to the case of the spherical journal. 

The Extent of Compression is deter- 
mined by the magnitude of the modulus 
of elasticity of the metal compressed, 
thus, for a pressure of 1,000 pounds per 
square inch (70 kgs. per square cm.) on a 
bronze bearing, the maximum compres- 
sion would be but +34), the thickness of 
the “ brass.” 
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| 
The Force of Friction, at any element, 
E, is, for the full journal, 


: 0.64 W cos. 0 
fi———— (9) 


and varies from zero at 90=90° to a maxi- 
mum, at 0=0, when 


_ 0.64W 


lr, 


The Total Pressure on the bearing is 


0= +3 
P’=0.64 wf 
e @=—* 


‘ ) 
sin. 
9 
a 
=ie4 Ww 


The Total Force of Friction is 
Pin * os Sr 
The Moment of Friction is 
M=fP r.=1.37 7 W r, 
The Work of Friction is 
U=M a=1.27 fF Watr, 
=2.5 fnr ta W, 


, 


Tr, 


, 
« 1 


cos. 0 dé 


—0.64 W (2 


(10) 
(11) 


(12) 


(13) 
where a@ is the angular velocity of the 
shaft, ¢ the time taken, and m the revolu- 
tions made in the unit of time. 
The Power lost in Friction is 
U+5501=2.5 fnr, aw W+550, (14) 


when the units are British and the time 
is measured in seconds. 

As will be seen jater, the resistance, 
the work done, and the power wasted, are 
1.3 times as great as in a journal loosely 
fitted, in which the rubbing surfaces are 
in contact only along a narrow band par- 
allel to the axis of the journal. The case 
above considered assumes a fit originally 
and no subsequent wear. In such case, 
the journal must be of such size that the 
maximum pressure, p,, may be below that 
at which the unguent is liable to be forced 
out, or heating to occur. 

Case 2.—Unirorm PressvRE ON THE 
Russine Surraces may be observed in 
cases of journals so small as to wear 
slowly under their loads, or, perhaps, 
when heating, as is often the case, causes | 
the “brass” to grasp the journal by 
springing the sides inward. Both are 


neer who has had much experience, espe- 
cially if accustomed to the management of 


| steam machinery. 


In well-designed machinery, a bearing 
is usually composed of a softer metal 
than the journal which it supports; it 
therefore takes the wear, and if the ex- 
tent of rubbing surface is small the jour- 
nal is merely “smoothed up,” while the 
bearing wears down. If the surface is 
too small, the bearing may be abraded 
and “cut,” and both it and the journal 
rapidly injured. If, however, the surface 
under pressure does not cut, wear takes 
place slowly, and without excessive waste 
by friction. Every bearing surface, if not 
abraded, will, whether fitted or not, wear 
under heavy pressure, but with decreas- 
ing rapidity, until all parts sustain a cer- 
tain intensity of pressure, when the rate 
of wear becomes a minimum, under a 
pressure which is a minimum for that 
bearing under the existing conditions as 
to lubrication. In some cases, the whole 
bearing surface may not be brought into 
play, the uniform pressure, so established 
by wear over a part of it, being sufficient 
to carry the load without further wear. 
These two cases are probably the most 
usual in all cases of heavily loaded, or 
carelessly fitted, journals, as the preced- 
ing case represents the usual case of well- 
fitted, lightly, or fairly loaded bearings. 
in every case, there is a certain presstre- 
limit, above which wearing will take place 
and below which it becomes inappreciable ; 
the bearing will therefore wear down un- 
til the pressure due the load is so dis- 
tributed that this pressure-limit is every- 
where reached over a certain limited area, 
and wear ceases, or until all parts of the 
bearing are brought to a state of minimum 
wear under a uniformly distributed press- 
ure. 

In the case here studied, the pressure 
is of uniform intensity, p,; that on any 
elementary strip of bearing, of length 7 
and breadth r, dO, isp, /r, dO; its vertical 
component is p,/r, cos. 6 dO, and the 
total load is, for asemi-cylindrical journal, 


2=+- 
W=ptr, f eos. 8 dO 
6é=-- 


=3p ir,; . . (15) 


and the intensity of the uniform pressure 


familiar cases to every mechanical engi- | attained is 
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The Total Pressure on the journal sur- 
face is 
P’=p, ixr, 
—i f <p Si 
or 0.57 greater than the load. 
The Total Force of Friction is 
SP=1.57fW 
The Moment of Friction is 
M=f Pr =157 fr, W 
The Work of Friction is 
U=Me=181 aft r, W 
= 7, fn t :. W, 
= 107 ntr, W, nearly. 


(17) 


(18) 


(19) 


(20) 
or 1.57 that on a flat surface, or on a 
loosely fitting journal. 

Were the angle of contact reduced, 
making the angle 6’= 30°, the friction 


becomes but 5 per cent. greater than that | 


of an equally loaded flat surface, or of a 
loose journal. It isthus seen that, where 
ample area of bearing surface can be se- 
cured, it is best given the form of a strip 
or band lying along the bottom of a long 
“brass,” rather than made to cover the 
full semi-circumference of a shorter jour- 
nal. 

Casze 3.—A Loosety Firrine Journat, 
A BC, before wear has produced a sen- 
sible widening of the line along which 
contact originally takes place between 
journal and bearing, when in operation, 
carries its load at a line parallel to the 
axis of the journal, and at one side of the 
line of vertical resultant pressure (Fig. 2). 
If at the lowest point, B, at the starting. 
it rolls up the side of the bearing until, 
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at some point, D, the inclination becomes 
equal to the angle of friction BN D, 
E DF, when it ceases its upward move- 
ment and continually rotates, sliding on 
the line whose trace is D, as long as the 
coefficient of friction remains constant, or 
rising with increasing, and falling with 
decreasing, friction, continually finding 
new positions of equilibrium until motion 
ceases, or the conditions again become 
| constant. 
At any one instant, there are three 
forces in equilibrium, the weight W, on 
| the journal, the normal reaction, N, of the 
bearing, and the resisting force of friction, 
F =/7'N, which may be represented by the 
sides of the triangle NBD. Then, since 
N and F are at right angles 
W*=N*+F" 
=(1+/") N’. 
The Normal Pressure is 
WwW 
V/1+/" 
The Force of Friction is, since a= q, 
the angle of friction, 





(21) 


a= 


_W ten. P = Wsin. 7(23) 


2 /1+ tan.p 
=f W nearly. , 
The Moment of Friction is 


M=Fr, 
Wr, sin. p 
_ fae, 
 / 24 fF? 
The Work of Friction, 


wasted, is 


(24) 


or energy 


Wat r, 


U=W atr, sin. p =——— 
Vv1+f" 


=2 W rntr, sin. p= (25) 

This case is thus seen to be that pro- 
ducing least waste of work and energy, 
and hence, in that respect, most desirable ; 
but it is evidently a purely ideal case 
which can never be obtained in practice. 
If approached too closely, rapid wear, 
heating, and all the consequent cost and 
damages are increased. Case 3d is that 
of minimum friction, but of maximum 
wear and heating, as Case Ist that of 
minimum wear, and Case 2d that of maxi- 
mum friction. In practice, the best ar- 
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rangement is usually, so far as the writer 
can judge from his own experience, that 
of freeing the sides of the bearing by 
cutting them away so as to clear the| 
journal entirely to an angle of at least 
30° from the horizontal, and even 60° for 
very long, stiff journals, moderately load- | 
ed. This gives a modification of either 
Case I. or Case II., and, on the whole, 
minimum friction and wear. 

In conclusion, it may be considered 
proven that: 

(1.) A perfectly-fitted cylindrical or 
spherical bearing of ample area of rub- 
bing surface, will, in the absence of wear, 
have the pressure distributed in such 
manner as to make it zero at the sides, 
and a maximum at the bottom of the 
bearing, varying at intermediate points 
as the cosine of the angle included be- 
tween the given point and the bottom of 
the journal. 

(2.) The friction on such a cylindrical 
journal, and the lost work, exceed by 
above one-fourth that of the ideal case 
of bearing on a line, or that of flat sur- 
faces under the same load. 

(3.) A bearing so proportioned as to 
wear constantly, but without “ cutting,” 
will be subjected to uniform pressure 
throughout the area of rubbing contact. 

(4.) The friction on such a bearing is 
nearly 60 per cent. in excess over that of 
the ideal case, or on a flat surface simi- 
larly loaded ; it should always be relieved 
by freeing the sides from pressure in the 
manner often practiced by engineers, as 
above described. 

(5.) Any journal, wearing smoothly 
and symmetrically, and without shake, 
will in time wear to a fit, such that the 
pressure upon its surface will be of uni-| 
form intensity throughout the whole area | 
brought into -bearing, and the rate of 
wear reduced to a minimum, while the 
waste by friction becomes a maximum. 

(6.) Maximum efficiency of machinery 
in which journal friction is the main 
source of waste of work and energy, is 
secured by giving the journals such di- 
ameter that they will neither twist 
nor spring under their loads, such | 
length that the load may be carried prin- | 
cipally on the lower portion of the bear- | 
ing, and such form that the “brass” | 
shall not bind or grasp the journal, or in | 
any way subject the journal to serious | 
lateral pressures. All lateral pressure | 


due to grasping or binding action de- 
creases efficiency. 

The proper size of journal is, as is evi- 
dent from what has preceded, deter- 
mined only in part by the consideration 
of the amount of power and energy lost 
by its friction. Since to increase or dim- 


|inish the diameter of a journal increases 


the speed of rubbing in precisely the 
same proportion in which it diminishes 
the intensity of pressure produced by 
any given load it is evident that the work 
wasted and the heat produced on the 
unit of area of bearing surface is ap- 
proximately the same, whatever the di- 
ameter of journal, within moderate limits ; 
for, within such limits the coefficient of 
friction may be considered as constant. 
The diameter of journal is, therefore, 
determined by the strength and stiffness 
demanded, and not by the liability to 
heat, and is calculated by the rules for 
strength of materials. 

The length of a journal is determined 
by reference to the laws of friction. A 
convenient method is to fix, by reference 
to experiment, a quantity of work of 
friction which may be safely allowed for 
the proposed journal, reckoned per unit 
of its area. Thus, the writer has found 
for the crank pins of marine engines, 
under intermittent pressure, 60,0007, 
measured in foot-pounds, to be a good 
allowance ; Rankine found 44,8007 to be 
a good figure for locomotive practice ; 
50,0007 is an intermediate figure some- 
times taken for general practice. For un- 
intermitted pressure, still smaller values 
must be taken. 

Then the work of friction is nearly per 
unit of area, 

py 
LP V _ 60,000 7, 
ld , 
and 


P _ 60,000 


id = ¥ Per 
Thus the intensity of pressure is lim- 
ited by the velocity of rubbing, and the 
given load, P, on the proposed journal 
being divided by this pressure, p, the 
length must be at least 


x 
da . 
in which expression ¢ is known already 
by calculations of strength. 


. (28) 
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ON WATER SUPPLY. 


Papers read before the Conference of the Society of Arts on the Water Supply held at the International 
Health Exhibition in July. 


From the ‘‘Journal of the Society of Arts.” 


II. 


Sources oF WATER-SUpPPLy. 
BY JAMES MANSARGH, 
M. Inst. C. E.. and M. E., F.G.S. F.M.S. “= 


It used to be a popular belief that if a 
well were sunk at any place to a sufficient 
depth into the ground, there would be 
reached an inexhaustible reservoir of 

yater, a store that had been filled in some 
mysterious manner at the creation of the 
world, and would suffice for the use of 
man for all time. 

It is now well known that all supplies 
of water, whether found upon the surface 
or below it, in underground depths, are 
derived from the rain which falls upon 
the earth, and that it depends upon the 
geological character of the surface re- 
ceiving the rain whether it shall run off 
in the form of streams and rivers, or soak 
in and be apparently lost. 

Rain is produced from the evaporation 
of invisible aqueous vapor, principally 
from the ocean, by means of solar heat, 
its condensation, primarily into the shape 
of clouds, and subsequently into the 
form of drops, which fall to the ground. 

The sea is thus a storage reservoir of 
boundless capacity, and the sun is the 
great prime mover which pumps the 
water up from this reservoir, distributes 
it over the land, and lifts it to the hills, 
where it may be impounded in natural or 
artificial lakes, and thence delivered by 
gravitation to the claims below. 

After being discharged on the earth in 
the shape of rain or snow, a part of the 
water is re-evaporated, but the greater 
part begins at once to travel downwards, 
either over the surface, in the form of 
rills and streams, and so on to the ocean, 
whence it came, or through the surface, 
if this is permeable, into fissured or por- 
ous rocks below. 

A portion of this latter water passing 
into the ground at high levels, has sev- 
eral courses open to it. It may appear 


in the shape of springs at lower levels, | 


or rise in the beds of rivers, or run out 


through fissures on to the sea beach, o1 
sink below sea level, whence it will be re- 
coverable only by artificial means. 

Nature has in this way provided water 
from one great source in ample quantity 
for the use of man, but works of varying 
character, under differing local circum- 
stances, must be constructed to store 
and utilize it. 

Altitude and the geological structur 
of a district are the two principal factors 
which determine what the source of 
water supply must be in such a district. 
The two great classes into which sources 
may be divided are (a) above-ground 
and (0) under-ground sources. 

The former (a) has several subdivi- 
sions, which may be described as fol- 
lows: 

1. Water may be taken from the heads 
of streams by laying pipes right up to 
the springs, to convey it away for supply 
without any intermediate storage, as in 
the case of Lancaster. This is a source 
which in some sense belongs to the two 
classes, for the water is taken just as it 
ceases to be underground water, and is 
being delivered on to the surface above 
ground. 

2. It may be obtained from a natural 
lake like Loch Katrine, as in the case of 
Glasgow. 

3. It may be collected from a high- 
lying watershed area, by impounding a 
number of small streams in artificially 
constructed reservoirs, as is done for the 
supply of Manchester. 

4. It may be taken from a large river 
flowing past the town, and is done in the 
case of the Thames and Lea for the sup- 
ply of London. 

The second class (d) is not divisible in 
the same way as (a), but may be taken as 
embracing supplies of water obtained 
from many varieties of geological strati- 
fication, such as chalk, oolites, coal meas- 
ures, millstone grit, magnesian limestone, 
Bagshot sands, and many others. 

All water, when discharged upon the 
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earth as snow or rain, is practically pure, 
but its character is very soon changed by 
the material it comes in contact with on 
the surface, or in passing through under- 
ground fissures and channels. Take, for 
example, the rain which falls upon the 
chalk downs of Sussex, or any other 
similar geological area. It sinks at once 
beneath the smooth and rounded surface, 
and percolates through innumerable mi- 
nute cracks or larger fissures, dissolving 
away the chalk which it touches, and 
finally issues naturally in springs along 
the coast, or is pumped out artificially, a 
water which contains from fifteen to 
twenty-five grains per gallon of carbon- 
ate of lime. 

Such an alteration in character de- 
pends, of course, upon the nature of 
the rocks which the water traverses, 
some rocks being easily soluble, others 
not. 

The taking up of lime or magnesia in 
this way has the effect of rendering the 
water “hard,” that is, increasing its soap- 
destroying properties. For many manu- 


facturing processes this is a most unde- 
sirable quality, and we therefore find that 
many of the important industries of the 


country are located in districts where 
soft water is easily procurable. 

The following are the formations 
which yield, as a rule, soft water: Igne- 
ous, metamorphic, Cambrian,  silurian 
(non-caleareous), Devonian (non-calear- 
eous), millstone grit, coal measures (non- 
calcareous), lower greensand, London 
and Oxford clay, Bagshot sands, non-cal- 
-areous gravels. 

On the other hand the following geo- 
logical formations almost invariably yield 
hard water: Silurian (calcareous), Devo- 
nian (calcareous), mountain limestone, 
coal measures (calcareous), new red sand- 
stone, conglomerate sandstone, lias, ool- 
ites, upper greensand, chalk. 

The manufacturing towns of Yorkshire 
and Lancashire obtain their supplies 
from sources which, even if the water 
had passed underground, would leave it 
comparatively soft, but this quality is 
fully secured by the character of the 
works, which consist of large reservoirs 
impounding the water which has princi- 
pally run merely over the surface. For 
dietetic purposes, the quality of hardness, 
if .not excessive, that is if it does not ex- 
ceed twelve grains on Dr. Clark’s scale 


| (equivalent to twelve grains of bi-carbon- 

ate of lime per gallon) is not considered 
| objectionable on physiological grounds. 
For ordinary domestic purposes and 
especially for personal washing and clean- 
ing generally, soft water is infinitely 
preferable to hard, both in respect of 
comfort, efficiency, and economy. 

Taking into account all the purposes 
for which water is used, it can hardly be 
questioned that a pure soft-water supply 
is, on the whole, preferable to a pure 
hard-water supply. ‘The term “ pure” is 
here used to imply the absence from the 
water of organic impurities as distin- 
guished from the dissolved inorganic mat- 
ters which have before been referred to. 
Except at producing hardness, the inor- 
ganic matters usually found in water are 
practically harmless ; but organic pollu- 
tions may be of the most disgusting and 
dangerous character, those, for instance, 
which are the result of contamination 
with town sewage or of cesspool manure. 

It is to avoid the risk of such pollu- 
tion that many towns have in great meas- 
ure been led to seek their sources of sup- 
ply on elevated moorlands, above the 
level at which arable cultivation is carried 
on, and where it follows that there are no 
towns or villages, and the scattered pop- 
ulation is very sparse. In this country 
the plough is rarely seen above the 800- 
feet contour, and, as it will not pay to 
“art manure to such an elevation, these 
high lands are merely used for the pas- 
turage of sheep and the rearing of 
grouse. 

Water obtained from such sources is 
practically, therefore, in the condition in 
which it falls from the clouds as snow or 
rain. The only impurity it may contain 
is a little organic matter derived from 
passing over the peaty soil, which often 
occurs on high moorlands, especially 
where the summits are broad and com- 
paratively flat. This contact with peat 
and with growing heather gives a stain 
to the water to such an extent that, when 
seen in deep reservoirs, it is like dark 
coffee. 

As seen in an ordinary white glass 
bottle or tumbler, the tinge is rarely 
deeper than a very faint straw color. 
There is nothing harmful in this coloring 
matter, because it is of purely vegetable 
origin, and to some extent it may be re- 
moved by storage in open reservoirs, 
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or running in open channels exposed to 
the air. 

Many towns are so located in this 
country that it is practically impossible 
that they should obtain pure water sup- 
plies from elevated watersheds, on ac- 
count of the enormous expense that 
would be entailed in the construction of 
the necessary works. Such places must 
be content to be supplied from rivers in 
their immediate neighborhoods, and 
which, having run their courses through 
many miles of highly manured lands and 
past thickly populated towns and _ vil- 
lages, contain water which has necessa- 
rily become polluted by the washings 
from the lands and the sewage from the 
towns. Such sources as these would be 
inadmissible, but for the great rehabili- 
tating process which nature silently car- 
ries on in a river, and to which chemists 
apply the term “oxidation.” In this 
wonderful process the polluting organic 
matters which the water contains are con- 
verted by the agency of oxygen into 
harmless inorganic salts, and the water 
again becomes fit for the use of man. 

This statement must, however, not be 
made without some reservation and ex- 
planation, because chemists of the very 
highest standing are not agreed as to the 
extent to which rehabilitation of the 
water is carried. This has, in fact, be- 
come quite a burning question, and the 
battle has been fought long and frequent- 
ly over the water which is taken from the 
Thames, and delivered for consumption 
by the inhabitants of London. 

The difference of opinion is now nar- 
rowed down into a small compass, and to 
outsiders it would appear that there is a 
chance, sooner or later, an agreement 
may be come to between the authorities. 

As representatives of the two sides 
may be named Dr. Frankland and Dr. 
Meymott Tidy. Dr. Frankland admits 
that oxidation is effective in burning up, 
or converting into a harmless condition, 
even such foul contaminations as human 
sewage, if this is in a normal or healthy 
condition ; but he contends that the viru- 
lent zymotic diseases are propagated by 


organized germs contained in the sewage | 


which are indestructible, and which may 
travel 


fatal potency. 
Dr. Tidy contends, on the other hand, 
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scores of miles in a running | 
stream without being deprived of their | 


that there is no evidence of the existence 
of these animated germs, and affirms that 
a run of a few miles in a river fully oxy- 
genated, and in which the pure waiter 
bears a sufficiently high ratio to the pol- 
luting matter, will suffice to render such 
water again fit for human consumption. 

Dr. Frankland’s theory is naturally a 
disquieting one, and his opponents cer- 
tainly have facts in their favor, for Lon- 
don is undoubtedly one of the healthiest 
cities in the world, and its inhabitants 
have never been known to suffer from 
disease induced in the way suggested. 

The “germ” theory is, however, mak- 
ing steady advances under the investiga- 
tions and researches of competent men, 
and it is to be hoped and expected that 
if the historic germ is at last discovered, 
and exhibited to the incredulous gaze of 
Dr. Meymott Tidy, he, or some of his con 
freres, may speedily discover a method 
of scotching it before it has time to do 
any mischief. 

It may now be convenient to describe 
shortly a few typical examples of the util- 
ization of the different sources of supply 
which have been thus generally referred 
to. 

I. Take first, such a case as that of 
Lancaster, whose works supply a popu- 
lation of between 30,000 and 40,000. 
The town is situated on the River Lune, 
about seven miles above its junction witli 
Moreéambe Bay, and is built upon a site 
which, rising from the river, varies in 
elevation from 15 to 200 feet above Ord- 
nance datum, or mean tide level. The 
water is obtained from the high moor- 
lands of Wyresdale, at a distance of eight 
or ten miles from the town, in a south- 
easterly direction. These fells, as they 
are locally called, constitute the extreme 
north-easterly portion of the watershed 
of the River Wyre, a small river which 
also falls into Morecambe Bay near the 
town of Fleetwood. That portion of the 
fells which is secured by Act of Parlia- 
ment as a source of water supply for 
Lancaster, has an area of 2,700 acres, 
and an altitude varying from 850 to 1,800 
feet above the sea. 

The geological formation of the gath- 
ering ground is millstone grit, covered 
with scant herbage suitable for sheep 
pasturage, and heather. Interstratified 
with the beds of permeable grit stone 
\there are layers of impervious shale 
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which, at various levels, throw out the 
water percolating downwards from the 
surface, in the shape of springs, and a 
number of these springs have been in- 
tercepted by small pipes communicating 
with mains laid along the hill side, 
and leading their combined waters to 
the south-west corner of the reserved 
area. 

One of these mains forms part of the 
original works constructed under the 
superintendence of Sir Robert Rawlin- 
son, C. E., C. B., in the year 1852; the 
other, which runs (broadly speaking) 
parallel to the first, but about 200 feet 
lower down the hill side, was laid six 
years ago, as part of an extension carried 
out by the writer. 

The water derived from these is of 
necessity of the purest possible charac- 
ter, for the rain which feeds the springs 
falls upon the clean open moorland, and 
sinks at once into the millstone grit 
rock, in which it finds nothing to dis- 
solve and cause hardness, and nothing to 
organically pollute. 

The water issues from the springs in a 
bright sparkling condition, at a constant 
temperature of about 45° F. ; it contains 
only one grain in 15,500 of solid mat- 
ter, and its hardness is under 1° on 
Clark’s seale. 

This may be fairly regarded asan ideally 
perfect source of supply, and it has been 
an inestimable boon to the inhabitants, 
especially as it replaced water obtained 
from shallow wells in the town, polluted 
in the vilest possible manner by percola- 
tion from numberless foul and reeking 
privy pits and middens. 

Between the fells and the service res- 
ervoir, which is situated on the town 
moor 240 feet above Ordnance datum, 
the country is intersected by several 
valleys, across which the water is con- 
veyed in iron pipes. 

At two intermediate points the press- 
ureis broken by a small covered tank, and 
the water is never exposed to the open 
air from the time it sinks into the ground 


as rain or snow, and is drawn from the 


consumer’s taps in the town. 

Perhaps it may be as well to explain here 
that, when water is obtained from ele- 
vated watershed areas of this character, 
Parliament almost invariably insists upon 
“compensation ” being made to the river 
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is secured by the construction of reser- 
voirs somewhere upon the main river or 
its tributaries, in which water is stored 
in time of flood, and given out in a con- 
stant stream in times of dry weather, 
the assumption being that floods are ut- 
terly useless, if not damaging, to riparian 
owners and mill owners, whilst it is of 
advantage to every interest to have the 
dry weather flow increased in volume. 

Thus, in the Lancaster case, whilst the 
Corporation have the right to take 2,000,- 
000 gallons a day from the springs for 
the use of the town, they were put under 
the obligation to construct upon the 
River Wyre a reservoir capable of hold- 
ing 185,000,000 of gallons, from which 
the millowners have the right to draw 
water according to their needs during 
the summer months. By means of such 
works, all the parties concerned are very 
greatly benefited. 

II. The second type of utilization of 
sources which may be referred to, is that 
which is exemplified on so magnificent a 
scale in the works supplying Glasgow, 
and constructed from the designs and 
under the superintendence of Mr. John 
Fredrick Bateman, C. E. 

In this case, advantage is taken of 
three natural lakes, viz., Loch Katrine, 
Loch Venachar and Loch Drunkie. ‘The 
watershed area draining into these lakes 
is 45,800 acres in extent, and consists of 
unpolluted sparsely populated moor- 
lands, the geological formation being of 
the silurian age. 

Loch Katrine has a water surface of 
3,000 acres, Loch Venachar 900 acres, 
and Loch Drunkie 150 acres. They are 
all of course supplied by the rain which 
falls upon the 45,800 acres, and as a 
considerable proportion of this area is 
of a peaty character, the streams which 
run down the mountain sides are fre- 
quently as dark as London Porter. By 
the deposit of the heavier parts of the 
peaty matter, and the bleaching action of 
the air, the water is drawn from Loch 
Katrine with only a faint tinge of 
color. 

The two smaller lakes are utilized as 
compensation reservoirs, the artificial 
storage necessary being obtained by 
raising the original normal level of Loch 
Venachar 5 feet 8 inches with power to 
draw it down 6 feet, and by raising Loch 


for such abstraction. This compensation | Drunkie 20 feet, the raising in both cases 
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being done by masonry dams across the 
outlet valleys, furnished with draw-off 
sluices. 
The storage for the supply of Glasgow 
is obtained by works which raised the 
normal level of Loch Katrine 4 feet and 
admit of drawing down 3 feet. Its 
capacity is, therefore, 3,000 acres of area, 
by 7 feet in depth, equivalent to nearly 
1,000 million cubic feet, and competent to 
furnish 50 million gallons a day during 
a four months’ drought. 
The water 


gow. The conduit conveying the water 


to the city commences on the south side | 


of the lake, about three miles from its | 
western extremity, and runs generally in| 
a southerly or south- westerly direction. 
At 26 miles from the Loch it discharges 
into an artificial reservoir of 70 acres in| 
extent, and holding 500 million gallons | 
near Mugdock Castle, the top water o 
this reservoir being 311 feet above mean 
tide at Glasgow. Two lines of three feet 
cast-iron pipes, one seven miles long and 
the other eight miles, convey the 
to the city. 

For thirteen miles out of the 26, be- 
tween Loch Katrine and Mugdock, the 
conduit is formed by tunneling through 
very hard rock, such as whinstone, gneiss, 
and mica slate; the tunnels being seventy 
in number, nine miles of the remaining 
length is “ cut and cover” work, and the 
rest consists of cast-iron or wrought-iron 
pipes across valleys. 

The advantage of such a source of sup- 
ply as Glasgow's is the facility and small 
cost with which the storage capacity nec- 
essary to furnish the requisite daily quan- 
tity for consumption and compensation 
is obtained. 

In Loch Katrine, the narrow outlet 
from the lake had only to be dammed up 
four feet, requiring artifical works of the 
simplest character, entailing no risk or 
contingency in their execution. Having 
a flat area 3,000 acres in extent to begin 
with, a simple plank one foot high would 
have sufficed to impound 816,000,000 
gallons. The desirability of securing 
such a reservoir site as this can only be 
fully appreciated by those who have had 
the responsibility and anxiety of forming 
large storage reservoirs, by the construc- 
tion of high embankments across valleys. 
The relative amounts of labor and outlay 


surface in Loch Katrine is | , 
360 feet above mean tide level at Glas- | 


water | 


in such reservoirs, and in cases like Loch 
Katrine, will be better realized in consid- 
ering the next type. 

III. The third type of works for the 
utilization of mountain watershed sources 
of supply is well exemplified in the 
Longdendale valley, where a number of 
reservoirs have, during the last thirty 
years, been constructed for the supply 
of Manchester. Here, instead of having 
a level plain 3,000 acres in extent as in 
|Loch Katrine, upon which to commence 
as the bottom of a reservoir, was a valley 
|with a fall along the bed of its main 
|stream—the Etherow—of between 60 
ift. and 70 ft. in a mile. Across this 
| valley five embankments have been con 
Istructed of earthwork, one above an- 
| other, forming five lakes with a com- 
| bined water surface area of 462 acres. 
| Beginning from the lowest part of the 
| valley, the { following is a list of the reser- 
voirs, Viz: 





Height 
of Bank. 
Feet. 

66 


Water 
area. 
Acres. 
50 
63 

54 
160 
135 


Capacity. 
Gallons. 
407,009,000 
343,000,000 
500,000,000 
474,000,000 
1,181,000,000 


Bottoms....... 
Vale House. . 
Rhodes W ood.. 
Torside 
Woodhead 


75 


463 


Total 3,905,000,000 

These embankments, which cost some- 
thing like £100,090 apiece, have an ag- 
gregate height if placed one above an- 
other of 376 feet, and the quantity of 
water they impound is 3,905 million gal- 
lons. The raising of the water surface 
of Loch Katrine 5 feet would create the 
same amount of storage. The wvter- 
shed area supplying these reservoirs is 
9,300 acres, and the geological formation 
is millstone grit. The gathering ground 
is a portion of the western slope of the 
“backbone” of England, otherwise the 
Pennine range, upon which, over its 
whole length on both sides, many simi- 
lar works are located for the supply of 
the manufacturing towns of Lancashire 
and Yorkshire. The rocks in this dis- 
trict are very much fissured and broken, 
and the rain falling upon the higher 
grounds percolates “below the surface 
and re-appears as springs at lower levels. 
Advantage is taken of this by conducting 
the spring water along special channels 
into the Rhodes Wood reservoir, from 








which the supply is taken by a conduit to | 
the town. 

Although the quantity of water yielded 
by the whole ground is that due solely 
to its area and the rainfall upon it, the 
fact of there being these springs renders 
it more valuable, because it implies that 
water which would have run off a district 
composed of harder and less pervious 
rocks, is here absorbed into the mass 
which thus acts as so much storage or 
reservoir space. The effect of this is to 
increase the dry weather flow of the 
streams, and to furnish water which is 
clear, cool and colorless. The average | 
annual rainfall upon the 19,300 acres is 
about 50 inches, and the works utilizing 
this area are competent to provide 38,- 
000,000 of gallons per day, of which 13,- 
500,000 have to be delivered into the 
stream below the reservoirs as compensa- 
tion water. Besides the five reservoirs 
above named, there are other large im- 
pounding and service reservoirs at God- 
ley, Denton, Gorton and Prestwich. In) 
the construction of these works enor- 
mous difficulties have been encountered, 
and at Woodhead, the highest reservoir 
of the series, the embankment, as at 
first made, was not watertight, so that a 
second trench had to be put down in 
which to build the puddled wall, and 
so much were the measures disturbed 
and distorted, that on the south side 
of the valley this trench had to be ex- 
cavated to 167 feet below the surface 
of the ground, before sound and tight 
material was reached upon which the 
wall could be based. 

The three types of works thus described | 
may fairly be said to exhaust the methods 
of obtaining water from sources situated 
on elevated mountain gathering grounds. 
They are good examples of the gravita- 
tion system of supply, by which water is 
delivered at high pressure above the 
highest parts of the towns without any 
artificial pumping being required, the 
sun having done this work in the process 
of evaporation. 

IV. We will now consider a case where 
the town to be supplied is at such a 
distance from high ground that the cost 
of bringing it through conduits or pipes 
by gravitation is prohibitive. 

Take a town built along the banks of a 
river anywhere above the range of the 
tide. If this river flows through an agri- | 
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cultural district, and is thus not pol- 
luted by manufacturing refuse, and not 
seriously by either manure or sewage, it 
may be adopted as the source of supply. 
In this case the water will have to be 
lifted by artificial means to such an ele- 
vation as is necessary to command the 
whole town. 

The water will also require filtration, 
because in running its course through the 
country the river receives the washing 
from the land, and in times of heavy 
rain, at all events, the water will be dis- 
colored and turbid through the presence 
of suspended matters. 

The works for the supply of London 
are, in great part, of this character, the 
rivers Thames and Lea being the two 
sources. 

Three hundred years ago water was 
obtained from the Thames at London 
bridge, and pumped by means of a water- 
wheel under one of the arches through 
wooden pipes into the streets and houses 
in the neighborhood. These works were 
continued in operation for 200 years, and 
were supplemented early in the 17th cen- 
tury by otber pumping stations, taking 
water from the Thames at Charing Cross, 
Battersea, Vauxhall, and Hammersmith, 
all within the range of tidal influence. 

In 1848 the Lambeth Water Company 
obtained powers to go into the non-tidal 
portion of the river above Teddington 
Lock, and by the year 1851 they were in 
a position to deliver water by means of 
a large steam-pumping establishment 
erected at Seething Wells. 

In 1852 an Act was passed which made 
it unlawful for any company to supply 
water taken from the river below Ted- 
dington Lock, or from any of the tribu- 
taries within the tidal range. This led, 
finally, to all the companies drawing 
water from the Thames, so re-arranging 
their works as to have their intakes above 
Moulsey Lock, in order to be above the 
junction of the River Mole, which fre- 
quently brings down very dirty water. 

Owing to the changes in the points of 
intake, the works of the London com- 
panies are divided into portions at great 
distances apart. Thus the Southwark 
and Vauxhall Company have at Batter- 
sea the reservoirs, filter beds, and pump- 
ing machinery constructed for the purpose 
of taking in water from the river at that 
point. They are well known to all Lon- 
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doners by reason of the tall stand-pipes 


which form a prominent object in the} 


view from the trains running out of Vic- 
toria station. 

These works are of so costly and ex- 
tensive a character, that they could not be 
abandoned when the source of supply 
was changed to Hampton, 21 miles higher 
up the river, but the water abstracted 
there is pumped down to them through 
large cast-iron mains, to be filtered and 
distributed by the original machinery and 
mains, 

In the case of the Lambeth Company, 
the water is taken from the Thames at 
Molesey, and sent down to Surbiton, 
which is the site of the filtering and 
pumping station, through a large brick 
conduit by gravitation. 

From these circumstances none of the 
London works are good examples of the 
type now under consideration ; but the 
following description will explain the na- 
ture of the works required for the utiliza- 
tion of such a source as the Thames 
above London. 

First of all, then, provisions must be 
made to meet the difficulty of the water 
arriving at the intake in times of flood in 
a state of great turbidity or muddiness. 
This is met by the provision of large res- 
ervoirs, which are always kept full so 
long as the water is coming down in 
good condition, and the inlets into the 
river are closed, and they themselves are 
drawn upon when the water of the river 
is turbid. 

These reservoirs used to be of smaller 
sapacity than at present, and were worked 
as subsidence tanks, that is to say, the 
water (which might be somewhat turbid) 
was let in at one end and drawn off only 
from the surface at the other, the sus- 
pended , matters causing the turbidity 
subsiding to the bottom during the 
water’s slow passage through the tanks. 

In London, since the works of the 
several companies have come under the 
official supervision of Sir Francis bol- 
ton, very large sums of money have been 
spent in increasing the efficiency of these 
subsiding tanks by greatly augmenting 
their capacity, and practically changing 
their character into that of storage res- 
ervoirs. 

In some of the works, these reser- 
voirs are constructed at such a level 


that the water from the river flows into | 
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them by gravitation ; in others they are 
elevated above the ground, and the 
water is pumped into them. In either 
vase it is next delivered on to the filter- 
beds, the construction of which is shown 
very clearly in the most interesting pavil- 
ion erected in the Health Exhibition by 
the water companies. These filters con- 
sist of reservoirs or tanks made either by 
excavation in the ground or partial exca- 
vation, and partial embanking, as circum- 
stances may dictate, having their sides 
sloped and pitched, or of vertical brick, 
stone, or concrete walls. The bottom is 
formed in many different ways, but it is 
always furnished with a number of open- 
jointed or perforated pipes or drains into 
which the water can pass, and by which 
it may be conveyed away toa pure -wa- 
ter chamber or pump-well. Upon this 
floor the filtering material is placed, and 
consists of clean stones, flints, gravel, 
shells, and sand, arranged with the lare- 
est sized material at the bottom and the 
finest at the top. 

Probably the oldest style of filter shown 
in the Exhibition is that designed by the 
late James Simpson, C.E., for the Chelsea 
Company, and it contains all the materi- 
als above-mentioned, and has a total 
depth of 6 ft. 3 in. 

As, however, the really operative and 
effective portion of the filter is the sand, 
modern practice is tending in the direc 
tion of diminishing the depth of filtering 
material, and of omitting entirely several 
of the strata originally used. For in 
stance, the New River Company’s engi- 
neer exhibits a filter composed solely of 
2 ft. of sand resting upon 6 in. of gravel, 
the total depth being only 2 ft. 6in. In 
working the filters, the water is brought 
from the storage or subsiding reservoir 
on to the top of the sand, and stands from 
2 to 3 ft. above its surface. It then per- 
colates downwards through the filtering 
material into the drains below, and is run 
away to be pumped for distribution. 

The speed of filtration may be adjusted 
by the head under which the filter is 
worked, that is, the difference in level 
betwixt top water and the draw-off. In 
some cases this is only 2 or 3 inches. 
The speed at which the water should pass 
vertically downwards through the sand 
used to be stated as 6 in. per hour, which 
gave 675 gallons per square yard per day 
of 24 hours, but the London companies 
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are now not filtering more than 450 to 
500 gallons, or from 4 to 44 in. per hour. 

The matter which is arrested by the 
filters consists principally of finely divid- 
ed mineral matter washed from the sur- 
face of the land, of some vegetable and a 
trace of animal matter. These impurities 
are caught almost entirely in the top 
half-inch of the sand, which in course of 
time they choke and render impervious. 
The filter is then put ont of use; the 
water is drawn off, and a skimming of the 
fouled sand is carefully removed and 
washed in apparatus which separates the 
light muddy matter and leaves the clean 
sand which is again put upon the filter. Of 
course, the washing process involves some 
loss of sand, and periodically additions 
have to be made of new material. After 
filtration, the water is in a fit condition 
to be pumped and distributed to the con- 
sumers. 

Thus far we have been dealing with 
“above ground” sources of supply, ob- 
tained either by gravitation or by artifi- 
cial pumping, under the four heads num- 
bered—(1) being springs at high eleva- 
tion, without storage; (2) being surface 
water from moorlands drawn from natu- 
ral lakes; (3) being surface water from 
similar watersheds, impounded in artifi- 
cial reservoirs; (4) being river waters 
filtered, and artificially pumped for sup- 
ply. 

There are in this country a few ex- 
amples of hybrid schemes, that is, where 
water from comparatively low agricultu- 
ral land is impounded in large reservoirs, 
and where it has to be subsequently fil- 
tered and pumped for distribution in the 
district. ‘There may also be cases where 
water collected at a sufficient elevation to 
supply a town by gravitation has to be 
filtered before delivery. 

We now come to the underground 
sources of supply, and one or two ex- 
amples will suffice to explain how these 
are made available. We need not go far 
from home to learn all about one of the 
most important of these underground 
sources, for it lies under our feet in the 
chalk forming one great feature of the 
London basin. 

London is actually built upon the ter- 
tiary deposits, which consist of Bagshot 
sands, London clay, and the sands and 
mottled clays of the lower strata; but 
underlying all these is a mass of chalk 
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|having the southern edge of its outcrop 

on the north of London about Hatfield, 
and the northern edge near Royston, and 
its southern outcrop extending from 
Croydon to Merstham. On the west the 
chalk reaches as far as Devizes, and on 
the north-east to near the coast of Nor- 
folk and Suffolk. Portions of this vast 
area are no doubt covered by imperme- 
able drifts of varying character, but there 
is still a very large tract of country upon 
which the rain which falls sinks below 
the surface, and goes to charge the great 
underground chalk reservoir below. 

Possibly, the term “ reservoir,” though 
a common one, is a little misleading as 
applied to the chalk, because for water 
supply purposes, a large proportion of 
that which percolates into its mass is not 
recoverable by ordinary means. It is the 
water which circulates through the cracks 
and fissures which is really available, and 
not that which is held in the minute ¢a- 
pillaries of the mass. Some chalk will 
contain 20 per cent. of its own bulk of 
water, and yet will not yield a drop of 
this under ordinary conditions. 

Of the water which thus sinks into the 
chalk, a large portion finds its way out 
again into the bed of the river, another 
portion appears in the shape of large 
springs, such as those at Carshalton and 
Croydon, which go to form the River 
Wandle, by flowing over the edge of the 
impervious tertiaries. 

Very rarely are there any streams 
where the chalk itself comes to the sur- 
face, but after heavy and continuous rains, 
streams do appear and flow for a time, 
and these are known as “bournes.” As 
the chalk is 500 or 600 feet thick, a very 
large quantity of water is, however, left 
in it below the level of any of these natu- 
ral outlets, and this water can be obtained 
in London by sinking wells through the 
overlying impervious beds of London 
clay, and allowing the water to rise, as in 
an artesian well. 

There are a large number of wells in 
the London basin, and one of the metro- 
politan water companies, the Kent, ob- 
tains its supply exclusively from such 
wells. The ordinary practice is to sink a 
well from five feet in diameter upwards, 
and line the same either with brickwork 

or Gast-iron cylinders down to the chalk. 
This will pass through superficial gravels, 
blue clay, bands of sand, mottled clay, 
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doners by reason of the tall stand-pipes 


which form a prominent object in the | 


view from the trains running out of Vic- 
toria station. 

These works are of so costly and ex- 
tensive a character, that they could not be 
abandoned when the source of supply 
was changed to Hampton, 21 miles higher 
up the river, but the water abstracted 
there is pumped down to them through 
large cast-iron mains, to be filtered and 
distributed by the original machinery and 
mains. 

In the case of the Lambeth Company, 
the water is taken from the Thames at 
Molesey, and sent down to Surbiton, 
which is the site of the filtering and 
pumping station, through a large brick 
conduit by gravitation. 

From these circumstances none of the 
London works are good examples of the 
type now under consideration ; but the 
following description will explain the na- 
ture of the works required for the utiliza- 
tion of such a source as the Thames 
above London. 

First of all, then, provisions must be 
made to meet the difficulty of the water 
arriving at the intake in times of flood in 
a state of great turbidity or muddiness. 
This is met by the provision of large res- 
ervoirs, which are always kept full so 
long as the water is coming down in 
good condition, and the inlets into the 
river are closed, and they themselves are 
drawn upon when the water of the river 
is turbid. 

These reservoirs used to be of smaller 
sapacity than at present, and were worked 
as subsidence tanks, that is to say, the 
water (which might be somewhat turbid) 
was let in at one end and drawn off only 
from the surface at the other, the sus- 
pended, matters causing the turbidity 
subsiding to the bottom during the 
water’s slow passage through the tanks. 

In London, since the works of the 
several companies have come under the 
official supervision of Sir Francis Bol- 
ton, very large sums of money have been 
spent in increasing the efficiency of these 
subsiding tanks by greatly augmenting 
their capacity, and practically changing 
their character into that of storage res- 
ervoirs. 

In some of the works, these reser- 
voirs are constructed at such a level 


that the water from the river flows into | 


them by gravitation ; in others they are 
elevated above the ground, and the 
water is pumped into them. In either 
case it is next delivered on to the filter- 
beds, the construction of which is shown 
very clearly in the most interesting pavil- 
ion erected in the Health Exhibition by 
the water companies. These filters con- 
sist of reservoirs or tanks made either by 
excavation in the ground or partial exca- 
vation, and partial embanking, as circum- 
stances may dictate, having their sides 


| Sloped and pitched, or of vertical brick, 


stone, or concrete walls. The bottom is 
formed in many different ways, but it is 
always furnished with a number of open- 
jointed or perforated pipes or drains into 
which the water can pass, and by which 
it may be conveyed away to a pure wa- 
ter chamber or pump-well. Upon this 
floor the filtering material is placed, and 
consists of clean stones, flints, gravel, 
shells, and sand, arranged with the larg 
est sized material at the bottom and the 
finest at the top. 

Probably the oldest style of filter shown 
in the Exhibition is that designed by the 
late James Simpson, C.E., for the Chelsea 
Company, and it contains all the materi- 
als above-mentioned, and has a total 
depth of 6 ft. 3 in. 

As, however, the really operative and 
effective portion of the filter is the sand, 
modern practice is tending in the direc- 
tion of diminishing the depth of filtering 
material, and of omitting entirely several 
of the strata originally used. For in- 
stance, the New River Company’s engi- 
neer exhibits a filter composed solely of 
2 ft. of sand resting upon 6 in. of gravel, 
the total depth being only 2 ft. 6 in. In 
working the filters, the water is brought 
from the storage or subsiding reservoir 
on to the top of the sand, and stands from 
2 to 3 ft. above its surface. It then per- 
colates downwards through the filtering 
material into the drains below, and is run 
away to be pumped for distribution. 

The speed of filtration may be adjusted 
by the head under which the filter is 
worked, that is, the difference in level 
betwixt top water and the draw-off. In 
some cases this is only 2 or 3 inches. 
The speed at which the water should pass 
vertically downwards through the sand 
used to be stated as 6 in. per hour, which 
gave 675 gallons per square yard per day 
of 24 hours, but the London companies 
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are now not filtering more than 450 to 
500 gallons, or from 4 to 44 in. per hour. 

The matter which is arrested by the 
filters consists principally of finely divid- 
ed mineral matter washed from the sur- 
face of the land, of some vegetable and a 
trace of animal matter. These impurities 
are caught almost entirely in the top 
half-inch of the sand, which in course of 
time they choke and render impervious. 
The filter is then put ont of use; the 
water is drawn off, and a skimming of the 
fouled sand is carefully removed and 
washed in apparatus which separates the 
light muddy matter and leaves the clean 
sand which is again put upon the filter. Of 
course, the washing process involves some 
loss of sand, and periodically additions 
have to be made of new material. After 
filtration, the water is in a fit condition 
to be pumped and distributed to the con- 
sumers. 

Thus far we have been dealing with 
“above ground” sources of supply, ob- 
tained either by gravitation or by artifi- 
cial pumping, under the four heads num- 
bered—(1) being springs at high eleva- 
tion, without storage; (2) being surface 
water from moorlands drawn from natu- 
ral lakes; (3) being surface water from 
similar watersheds, impounded in artifi- 
cial reservoirs; (4) being river waters 
filtered, and artificially pumped for sup- 
ply. 

There are in this country a few ex- 
amples of hybrid schemes, that is, where 
water from comparatively low agricultu- 
ral land is impounded in large reservoirs, 
and where it has to be subsequently fil- 
tered and pumped for distribution in the 
district. ‘There may also be cases where 
water collected at a sufficient elevation to 
supply a town by gravitation has to be 
filtered before delivery. 

We now come to the underground 
sources of supply, and one or two ex- 
amples will suffice to explain how these 
are made available. We need not go far 
from home to learn all about one of the 
most important of these underground 
sources, for it lies under our feet in the 
chalk forming one great feature of the 
London basin. 

London is actually built upon the ter- 
tiary deposits, which consist of Bagshot 
sands, London clay, and the sands and 
mottled clays of the lower strata; but 
underlying all these is a mass of chalk 
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| having the southern edge of its outcrop 
on the north of London about Hatfield, 
and the northern edge near Royston, and 
its southern outcrop extending from 
Croydon to Merstham. On the west the 
chalk reaches as far as Devizes, and on 
the north-east to near the coast of Nor- 
folk and Suffolk. Portions of this vast 
area are no doubt covered by imperme- 
able drifts of varying character, but there 
is still a very large tract of country upon 
which the rain which falls sinks below 
the surface, and goes to charge the great 
underground chalk reservoir below. 

Possibly, the term “ reservoir,” though 
acommon one, is a little misleading as 
applied to the chalk, because for water 
supply purposes, a large proportion of 
that which percolates into its mass is not 
recoverable by ordinary means. It is the 
water which circulates through the cracks 
and fissures which is really available, and 
not that which is held in the minute ¢a- 
pillaries of the mass. Some chalk will 
contain 20 per cent. of its own bulk of 
water, and yet will not yield a drop of 
this under ordinary conditions. 

Of the water which thus sinks into the 
chalk, a large portion finds its way out 
again into the bed of the river, another 
portion appears in the shape of large 
springs, such as those at Carshalton and 
Croydon, which go to form the River 
Wandle, by flowing over the edge of the 
impervious tertiaries. 

Very rarely are there any streams 
where the chalk itself comes to the sur- 
face, but after heavy and continuous rains, 
streams do appear and flow for a time, 
and these are known as “bournes.” As 
the chalk is 500 or 600 feet thick, a very 
large quantity of water is, however, left 
in it below the level of any of these natu- 
ral outlets, and this water can be obtained 
in London by sinking wells through the 
overlying impervious beds of London 
clay, and allowing the water to rise, as in 
an artesian well. 

There are a large number of wells in 
the London basin, and one of the metro- 
politan water companies, the Kent, ob- 
tains its supply exclusively from such 
wells. The ordinary practice is to sink a 
well from five feet in diameter upwards, 
and line the same either with brickwork 

‘or Gast-iron cylinders down to the chalk. 
This will pass through superficial gravels, 
‘blue clay, bands of sand, mottled clay, 
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&c., and sometimes on the top of the 
chalk a band of flints will be found. Be- 
low the bottom of the well a boring is 
then made from 4 inches up to 15 or 18 
inches in diameter, and lined with iron 
whilst in soft or much broken chalk, and 
left unlined where the material is more 
compact. 

In those parts of London which are 
not elevated many feet above the level of 
the river, the water rises to very near the 
surface of the ground, and in some cases 
overflows; but wherever large quantities 
are required, resort must be had to artifi- 
cial pumping so as to lower the level of 
the water in the well, and thus open out 
a larger cone of exhaustion in the chalk. 
Favorably situated chalk-wells yield as 
much as 2,000,000 to 3,000,000 gals. a day. 

In many cases wells and mere borings 
have been put down right through the 
chalk to the upper greensand or gault be- 
low, and have yielded only a very small 
quantity of water. This arises from the) 
fact before referred to, that the water 
circulates freely only in the cracks and 
fissures, and if some of these are not cut 
into by the boring, little water is obtained. 
The most certain way, therefore, of in- 
suring a supply from the chalk, is by sink- 
ing a well down to below the permanent 
level of saturation, and then driving 
headings or adits in various directions, 
for the purpose of reaching some of these 
fissures. Many of the towns along the 
south coast of England are supplied by 
works of this character. It has been 
found that where the chalk of the South 
Downs has been undisturbed and is un- 
faulted, there are large vertical fissures 
which run, broadly speaking, from north 
to south, that is, at right angles to the 
coast. Along these fissures the water 
travels: freely, and has its outlet at the 
base of the cliffs on the coast, and may 
be seen running down the beach in many 
places into the sea. 

Parallel to the coast, the water is found 
to lie with its surface nearly horizontal, 
because of these permanent outlets, but 
on lines at right angles to the coast, the 
surface of the water rises rapidly inland, 
on a nearly uniform slope, so much so 
that, at six miles from the coast, it stands 
more than 200 feet above mean tide level. 
Advantage has been taken of these condi- 
tions at Brighton, and other places simi- 
larly situated, to sink wells and drive| 


headings parallel to the coast, at about 

the level of low water. 

At Brighton there are two such stations, 
one at Lewes-road, on the east, and an- 
other at Godstone Bottom on the west. 
These wells are both about a mile and a 
quarter from the sea, and headings are 
driven to a total length east and west, 
from Lewes-road, of 2,400 feet; and at 
Godstone Bottom, of 1,300 feet. In the 
first case, fissures are met with about 
every 30 feet, but asa rule these are small, 
and do not yield more than 100 to 150 
gallons a minute. In the latter they are 
further apart, but some of them yield 700 
or 800 gallons a minute, or over a mil- 
lion gallons a day. This water, being in- 
tercepted by the headings, is led to the 
respective wells, where, by means of suit- 
able steam machinery, it is pumped up to 
the several service reservoirs supplying 
the different zones of the town. 

The water so obtained requires no fil- 
tration. It is bright and sparkling, but 
of necessity hard, and although not ob- 
jectionable for dietetic use, it is not well 
fitted for cooking or cleansing purposes, 
and would be utterly unsuitable for the 
manufacturing processes of Lancashire 
and Yorkshire, though thoroughly well 
adapted for paper-making. 

In addition to the chalk, good supplies 
of underground water are obtained in the 
South of England from the Hastings 
sands and the oolites, and in the north 
from the new red sandstone, magnesian 
limestone, and other formations; but in 
all cases the works required for the utili- 
zation of these sources are very similar, 
consisting of wells, borings, and adits, 
with competent pumping machinery. 

Comparing very generally “ above- 
ground” supplies by gravitation with “un- 
der-ground” supplies involving pumping, 
there are advantages and disadvantages 
on both sides which may shortly be sum- 
marized as follows: 

‘* ABOVE-GROUND” GRAVITATION SOURCES. 

Advantages. Disadvantages. 

. No pumping. * . Distance from place 
to be supplied. 

2. Peaty stain. 

. Costly and 
what risky 
pounding 
volrs,. 

Large works in- 

volved to provide 
water ‘‘ compen- 
sation.” 


. No filtration. 
3. Softness. some- 
im- 


reser- 


. Low charges 
maintenance. 
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Pumpine Sovuroes. 
Disadvantages. 

1. Annual charges for 
pumping. 


‘* UNDER-GROUND ” 
Advantages. 

. Proximity of source 
to place to be sup- 
plied. 

2. Low first cost. 

3. Few structural con- 
tingencies attend- 
ing works. 

. No filtration. 

. No Compensation 
for abstraction of 
water. 


2. Hardness 
ally.) 


( gener- 


Water Soppry ror Fire Extinction. 
BY J. H. GREATHEAD, M. INST. C. E. 


When it is considered how vast is the 


havoe wrought by fire every year, and | 
that we depend upon a supply of water, | 


in all cases, to prevent much greater rav- 
ages, the importance of this subject will 
be at once recognized. 

In London alone, it has been caleu- 
lated on reliable data that the destruc- 
tion of property in 1882 amounted to at 
least 2} millions sterling, and last year it 
was probably more; and it has been 
stated by a very good authority, Mr. Ed- 
ward Atkinson, of the Boston Manufac- 
turers’ Mutual Insurance Company, that 


the losses by fire in the United States | 


and Canada, in the five years ending Jan- 
uary Ist, 1879, amounted to 824 millions 
sterling, while the cost of insurance com- 
panies and fire departments in the same 
period amounted to 55,000,000 more, or 
together to an average of 27,000,000 
sterling per annum. 

It is difficult for the mind to grasp 
such figures; the last, however, is about 
equal to the whole rateable annual value 
of the metropolis. 

If such losses as these were inevitable, 
it would be of little profit to refer to 
them, but it is because I believe them to 
be to a large extent preventable that I 
have ventured to bring the subject of 
water supply for fire extinction before 
you. 

In the remarks which Iam about to 
make I purpose to refer largely to the 


case of this metropolis, as being likely to | 


add additional interest to the general 
subject, and because the reasoning which 
applies to this will apply in a greater or 
less degree to all other similar cases. 

It may be useful at once to define 
what are the requirements necessary to 
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| be fulfilled in a water supply for fire ex- 
tinction purposes. 

In order to reduce, as far as possible, 
the destruction of life and property by 
fire, the fire extinguishing service should 
have at hand— 

(1) A copious supply of water. 

(2) In close proximity to the property. 

(3) Easily accessible. 

(4) Having sufficient and reliable press- 
ure. 

In nearly all cities the water supply 
has been introduced and distributed 

| without reference to the fulfillment of 
| these conditions. The quantity of water 
| required for the extinction of fires is so 
infinitesima] as compared with the quan- 
tity required for all other purposes, 
that, except where the conditions have 
been naturally favorable, the water ser- 
vice has been introduced, devoid of some, 
at least, of the qualities necessary to fit 
it for fire purposes. The result, in such 
eases, has been that mechanical contri- 
vances have had to be provided in order to 
make good whatever deficiencies existed 
in the supplies, and dwellers in cities 
have become familiar with fire-plugs and 
fire-engines. 

There are, however, some cities in this 
country where, the conditions having 
been favorable, the authorities having 
control of the water supplies have wisely 
availed themselves of Nature's gifts. 

The most notable instances are those of 
Glasgow, Dublin, Liverpool, and Manches- 
ter. In all these cases the water supply is 
almost entirely by gravitation, and the 
result is that over the greater and most 
important parts of the cities there is a 
good pressure, and a copious supply of 
water which has been made easily access- 
ible by the introduction of numerous hy- 
drants in close proximity to the property 
ineach place. Here, then, we have, as 
nearly as may be, in four of the most im- 
portant cities of the United Kingdom, a 
a fulfillment of the necessary conditions 
(as to water supply) for fire extinction. 

An ordinary hydrant may be shortly 
described as a stop-cock on a water-pipe 
or main, to which hose may be attached 
for fire extinction or other purposes. If 
for fire-extinction, without the interven- 

| tion of a fire-engine, the hose will, at its 
other end, be provided with a branch 
}and nozzle. Upon opening the stop- 
|cock the water from the main, or pipe, 
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will issue from the nozzle asa jet. The 
height of the jet will depend upon the 
pressure in the main, the quantity of 
yvater available, the length of hose em- 
ployed, and the size and shape of the 
nozzle. 

A fire-plug is a wooden plug driven 
tightly into a socket or opening in a 
water pipe under the road. When water 
is required for fire extinction the plug is 
withdrawn, and the water issues from the 
opening, either into the street, where it 
is usually received by a portable tank, or 
into a stand pipe inserted in place of a 
plug. Itis obvious that plugs cannot 
be used where the supply is constant 
with a good pressure, and they have not 
been placed upon the constantly charged 
mains (the best existing supply for fire 
extinction) in the metropolis. Several 
forms of hydrants and a fire plug and 
stand pipe may be seen in the Water 
Companies’ Pavilion in the Exhibition. 

In order to obtain a good jet from a 
hydrant, it is necessary that the pressure 
of water at the hydrant, while flowing, 
should be about 65 Ibs. per square inch. 
This will provide for overcoming the 
friction of the water in passing through 
an average length of hose, and will give 
a jet about 80 feet high from an inch 
nozzle. From the elaborate reports of 
the chief officer of the Dublin Fire Bri- 
gade, which he has kindly furnished to 
me, it appears that all the fires in Dublin, 
except those extinguished by small hand 
pumps, are put out by jets direct from 
the hydrants, and that the prevailing 
pressure is about 60 lbs. per square inch. 

So much has been written and said 
about hydrants, and the advantages to 
be derived from their use, during the last 
twenty years, that it is hardly necessary 
for me to discuss their merits as com- 
pared with fire plugs. It is gencrally 
conceded that in all cases, whatever the 
water supply may be, whether constant 
or intermittent, high pressure or low, hy- 
drants are superior to plugs as a means 
of letting the water out of the pipes. 
But it has been contended that so long 
as it is merely a question as between hy- 
drants and plugs, the advantages of the 
former over the latter are not sufficiently 
great to justify any large expenditure 
upon them. When, however, the ques- | 
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necessary. Hydrants with a constant 
and copious supply and good pressure of 
water, are recognized as being incompavr- 
ably better agents for extinguishing fires 
than fire engines, and the result of the 
introduction of hydrants into Manchester 
may be given in illustration. Mr. Bate- 
man, the eminent engineer of the Man- 
chester Waterworks, has stated publicly, 
on more than one occasion, that the in- 
troduction of hydrants with a good 
pressure of water has resulted in a re- 
duction of the losses from fire in Man- 
chester to a small fraction (viz., one- 
seventh) of what they were before the 
introduction of the hydrants. And, ac- 
cording to the report of Captain Tozer, 
the Superintendent of the Manchester 
Fire Brigade, the amount of property de- 
stroyed has only averaged 4.3 per cent. 
of that at risk during the last ten years, 
while it will be seen presently that in 
places having no efficient hydrant ser- 
vices the losses are many times greater. 
In Liverpgol the fire brigade is a branch 
of the police. The water supply is main 
ly by gravitation from reservoirs (from 
400 to 600 feet above the low parts of 
the town), and there are numerous bhy- 
drants. There are 5 steam and 14 man- 
ual fire engines. ‘The population in 1581 
was 548,650, and the area is 8} square 
miles. Of the 180 firemen, 170 do reg- 
ular police duty. The annual cost of the 
brigade (average of three years, 1880-1 

2) was £5,325, or £9 14s. per 1,000 of 
the population. The average annual 
number of fires in the same period was 
219, but the loss by fire was not ascer 
tained. 

In Glasgow there is a good supply of 
water by gravitation; there are about 
5,000 hydrants, and the majority of the 
fires are extinguished direct from the 
mains. There are 3 steam and 17 man- 
ual fire-engines. The 66 officers and fire- 
men are supplemented by an auxiliary 
force of 52 policemen. The area of the 
city is 94 square miles, and the popula- 
tion in 1881 was 510,816. The cost of 
the brigade to the ratepayers in 1882 was 
£5,266, or £10 6s. per 1,000 inhabitants ; 
while the average annual loss from fire 
in the same period was £110,000, or 
about £215 per 1,000 of the population. 

In Manchester the supply is also by 


tion becomes one as between hydrants| gravitation from resrvoirs at a consider- 
and fire-engines, a wider view becomes'able elevation (200 feet to 600 feet 
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above the Exchange), and there is a con- 
stant high-pressure supply. There are 
about 17,000 hydrants in the city and 
suburbs. Two steam and five manual 
fire engines are retained, but are seldom 
used. The population in 1881 was 341,- 
500. The area of the city is 62 square 
miles, but the fire brigade extend their 
operations beyond the city. There are 
sixteen stations, and the annual cost to 
the ratepayers for the fire brigade is £3,- 


547 (on an average of the three years,’ 


1880-1-2), or equal to £10 8s. per 1,000 
of the population. The average esti- 
mated annual value of property destroyed 
in those three years was about £80,000, 
or about £235 per 1,000 of the popula- 
tion. 

In Dublin the supply of water is again 
by gravitation, and the pressure varies 
from about 40 lbs. to 80 Ibs., being gen- 
erally 60 Ibs. when the water is flowing 
through the hydrants. There are nu- 
merous hydrants, and though there are 
2 steam and 3 manual engines, they do 
not appear to have been used in the 
three years (1880-1-2), within the city. 
The brigade consists of 32 officers and 
men. ‘The population in 1881 was 249,- 
602, and the area of the city is 6 square 
miles, but the operations of the brigade 
are not confined to that area. The aver- 
age annual cost of the brigade for ex- 
penses and wages (for the three years 
1880-1-2) was £3,286, or about £13 3s. 
per 1,000 of the population. The esti- 
mated value of property destroyed aver- 
aged £31,144 per annum, or about £125 
per 1,000 of the population. 

In Birmingham the whole of the water 
supply is pumped, therein differing from 
the cases already referred to; but a sys- 
tem of fire hydrants has been recently 
introduced. The population (average of 
1882 and 1883) is 411,690, and. the area 
13 square miles. 
sists of twenty-seven officers and men, 
and there are two stations and eight po- 
lice stations, with apparatus. One steam 
and five manual fire engines are retained, 
none of which were used for fire extinc- 
tion in 1882, and engines were used twice 
only in 1883. The total water supply is 
11} million gallons daily, with a press- 
ure of 40 lbs. to 60 lbs. per square inch. 


The fire brigade con- | 


The annual cost of the fire brigade to | 


the ratepayers (average of 1882 and 1883) | 1881 
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population, while the average annual loss 
in the two years was £10,931, or £26 11s. 
8d. per 1,000 of the population, and this 
loss was equivalent to 3 per cent. only of 
the value of the property “ at risk.” 

In Paris the water supply is partly 
pumped and partly by gravitation. Street 
hydrants have, to some extent, been in- 
troduced. In certain cases, where the 
pressure is sufficient, they are used with- 
out the intervention of fire engines, but 
the water supply is not such as to admit 
of this being done generally. It is in- 
tended, however, to increase the number 
of hydrants to 8,000, and ultimately to 
make them universal, and to dispense 
with fire engines. The total daily supply 
'of water is about 82 million gallons. 
The population is 2,269,000, and the 
area 29 square miles. ‘The fire brigade, 
numbering,1,743 officers and men, is an 
armed force lent by the Minister of War 
for the special service, and it is not 
called out for purposes of war. There 
are 11 barracks, 10 steam fire, and 80 
small stations in addition to 40 look- 
outs, and there are 12 steam and 80 
manual fire-engines. The annual cost of 
the fire-extinguishing service is £86,600 
(average of two years, 1883 and 1884), 
or about £38 3s. per 1,000 of the popula- 
tion; but this cost does not include the 
rent and repairs of the barracks, quar- 
ters, &c., which belong to the Prefecture of 
the Seine. The estimated annual average 
losses for the three years 1880-1-2, were 
£431,300, or about £122 10s. per 1,000 
of the population. 

Having now described the operations, 
and their results in cities having ef- 
ficient hydrant services, I propose to di- 
rect attention to some of the more im- 
portant of the cities having no such ser- 
vices, and more particularly to New York 
and London. 

In New York the water supply is very 
copious but it has not sufficient pressure 
for fire purposes without the intervention 
of fire engines. Hydrants have, to some 
extent, been introduced, and, it is stated, 
with benefit, as permitting more speedy 
access to, and preventing waste of, the 
water. The total supply is, according 
to the report of the fire department, 
about 100 million gallons daily ; the pop- 
ulation in 1880 was 1,206,300, and in 

probably 1,240,000. The area 


is £3,250, or £7 18s. per 1,000 of the|served by the fire brigade is about 39 
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square miles. In 1882 there were 50 en-| Board of Works in other parts of the 
gine companies, and 19 hook and ladder | metropolis. 

company stations, besides lookouts, fuel} In the matter of pressure, however, as 
depots, and store houses. There were| already stated, the general metropolitan 
57 steam fire, but no manual engines.; water supply is undeniably deficient. 
In the period 1880-82 the average force| There is a copious supply of water in 
was 939 officers and men, and the average | close proximity to the property to be pro- 
annual expenditure was £288,190, or| tected, but it cannot be brought to bear 
£230 8s. per 1,000 of the population. In| upon a fire without the intervention of 


the same period the average annual fire | 
losses were £880,000, or about £710 per 
1,000 of the population. The quantity 


of water used by the fire engines was | 
about 40,000,000 gallons annually in the} 
period 1880-2, or about 1-900th part of| 
the total supply. | 


In London the whole of the water} 
supply is pumped, and the average | 
pressure is quite inadequate for fire ex- | 
tinction without the intervention of fire 
engines. A large number of observa- | 
tions were made all over the Met- 
ropolitan area by the Board of Works 
in 1876, and it was found that the} 
average pressure was only about 30) 
lbs. per square inch, when there was no | 
extraordinary draught on the pipes, such | 
as that required for fire extinction ; and| 
it is not surprising that this should be} 
so. The pressure given by the water! 
companies is that required by statute, or, | 
otherwise, by the customers of the com- | 
panies, and even if they desired to do so| 
it might be doubted whether, in the} 
words of the Select Committee of 1876-| 
7, the companies would be “ justified | 
by their constitution in incurring ex-| 
penditure for fire purposes,” for which 
purposes alone would it be necessary for | 
them to increase their pressure. | 


The quantity of water delivered for| 
all purposes is sufficient to meet the 
demands for fire extinction. There are, 
according to Captain Shaw’s reports, 
very few cases of short supply, and con- 
stant supply is being gradually extended 
voluntarily by the water companies. Hy- 
drants have been put down by the cor- 
poration throughout the city, and con- 
nected directly by branches with the 
constantly charged mains of the New 
River Company, and they have on sev- 
eral occasions been found useful, though 
the pressure is not such as to admit 
of fire engines being dispensed with in 
all cases. A few hydrants have also been 
recently introduced by the Metropolitan 


fire engines. 

The population of the metropolis in 
1881 was 3,814.571, and the Metropoli- 
tan Board of Works area is about 121 
square miles, including the city’s one 
square mile. There are fifty-five land 
fire stations, 12 street, 127 fire escape, 
and 4 floating stations ; and the brigade 
consists of 538 officers and men. The 
annual average cost of the fire brigade 
for the three years 1880-2 was £99,880, 
or £26 4s. per 1,000 of the population. It 
is somewhat difficult to arrive at the 
value of the property destroyed by fire 
in the metropolis, but a calculation based 
upon the contributions of the insurance 
companies to the support of the fire bri- 
gade, and upon evidence given by Cap- 
tain Shaw and others before the Select 
Committee on the Fire Brigade in 1877, 
would make it appear that in 1882 the 
value of insured and uninsured property 
destroyed by fire was probably consid- 
erably in excess of 2} millions sterling, 
or about £538 per 1,000 of the popula- 
tion. As compared with the efficiently 
hydranted places already referred to, it 
will be seen that the cost of the fire ex- 
tinguishing service, and the fire losses, 
are very high in London. This will be 
made very apparent upon an inspection 
of the appended Table A, which gives, 
in addition to the cost of the fire services 
and fire losses in the several places re- 
ferred to, a statement of what the cost 
and losses would be in the metropolis, 
were the rates of cost and loss the same 
as in the other places. 

It will be asked why the metropolis 
should have been allowed to remain, year 
after year, subject to the preventible 
drain of wealth indicated by these fig- 
ures? The reply is, that the past and 
existing state of things have not been 
submitted to in ignorance or willingly, 
but the difficulties surrounding the sub- 
ject in the metropolis have been practi- 
cally insurmountable. 

More than twenty years ago the Select 
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Committee on Fires in the metropolis di- 
rected attention to the extraordinary fa- 
cilities for extinguishing fires then exist- 
ing in Liverpool, Manchester and Glas- 
gow, and to the efficiency and small cost 
of the fire services in those places ; and, 
more recently, in 1876-7, the Select Com 
mittee on the Metropolitan Fire Brigade, 
having heard evidence as to the advan 
tages of the hydrant systems referred 
to, recommended that hydrants should 
be put down in the metropolis at once 
wherever a constant supply was given, 
and that the water supply should be im- 
proved so as to give constant service 
everywhere and increased pressure. But 
it was found that to comply with these 
recommendations a permanent expendi- 
ture of £337,000 per annum beyond the 
cost of the fire brigade would be involved. 
Of this annual sum about £150,000 rep- 
resented the increased cost of pumping 
alone; and since the quantity of water 
required for fire purposes is infinitesimal 
as compared with the quantity supplied 
for all other purposes, it is obvious that 
this expenditure of power, if the whole 
had to be pumped to the requisite height, 
would be out of proportion to the result 
obtained. I have made a calculation, 
based upon the relative quantities and 
upon the evidence given before the com- 
mittee, from which it appears that for the 
purpose of discharging water through a 
hydrant upon a fire in this way, about 170 
horse-power would be required for every 
gallon of water thrown. And there 
would be the attendant disadvantages 
that all the house fittings would have to 
be altered and strengthened, and the 
mains and pipes would have to be taken 
up, and relaid of greater size and 
strength, and at enormous inconvenience 
to the householders and the traffic in the 
streets ; and the pressure would, in the 
greater part of the metropolitan area, be 
inconveniently great. This proposal also 
involved the great disadvantage that it 
could not be carried out until the water 
companies should have been ranged un- 
der one control. 

As long ago as 1862, the late Mr. James 
Easton, who held the view that no satis- 
factory supply of water for fire extinc- 
tion with constant high pressure could 
be secured in connection with the ordi- 
nary domestic supply, proposed to lay 
down a completely new set of mains to 





be used exclusively for fire purposes, but 
the cost would have been enormous. His 
estimate was £72,000 per square mile, 
and his proposal only extended to forty 
square miles of the metropolis. This 
area alone would have involved an annual 
cost for interest and working expenses of 
£150,000. A somewhat similar proposal, 
but with the addition that the water was 
to be taken from the chalk formation at 
about 15 or 20 miles from the center of 
London, instead of from the water com- 
panies’ mains, as was proposed by Mr. 
Easton, and that the supply was to be 
used for potable and culinary purposes 
after being pumped to the greatest attain- 
able elevation, in order that it might have 
suflicient pressure for fire extinction pur- 
poses, was put forward by the Metropoli- 
tan Board of Works, on the advice of Sir 
J. Bazalgette, Sir F. Bramwell, and Mr. 
Edward Easton, in 1877. It was esti- 
mated that the introduction of this sys- 
tem of hydrants would have resulted in 
an annual saving of £60,000 in the exist- 
ing expenses of the fire brigade. This 
scheme, involving a dual supply to every 
house, was taken to Parliament, but was 
withdrawn ; and, in their annual report 
of 1878, the Board said that they “came 
to the conclusion, in view of the disfavor 
with which the scheme appeared to be 
regarded by most of the local authoriti s 
of the metropolis and others, not to 
bring it before Parliament again in the 
following session.” Looked at purely 
from a fire extinction point of view, 
there is one great objection to all the 
proposals that have been hitherto made, 
viz., that owing to the great variations of 
level in the metropolis, there would, in 
many localities, be insufficient pressure, 
while in others the pressure would be ex- 
cessive. 

In any water supply for fire purposes, 
it is certainly desirab'e that the pressure, 
in addition to being sufficient, should also 
be moderately uniform in the hose, what- 
ever may be the elevation of the locality. 
This uniformity is practically obtained at 
present by the use of fire engines, but 
with the great drawback that the power 
requisite for giving the pressure is not 
available on the instant that the occasion 
for its use is discovered. The diagram 
B on the wall illustrates among other 
things the result of the vigorous efforts 
made by the fire brigade to reduce this 
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evil toa minimum. It shows that since 
the year 1870, when Captain Shaw first 


began to publish the distances traveled | 


by his engines—the distances run have 
increased from 11 miles to 34} miles (in 
1882) per fire. The number of journeys 
made has increased from 8,000 to 29,000, 
and the total distances run from 22,000 
miles to 66,000 miles in the year. 
According to the evidence given before 
Sir H. Selwyn Ibbetson’s Committee in 
1877, the fire engines wuie then only 


used for pumping at about one-fifth of | 


the fires. If that was still the case in 
1882, then it follows that for each time 
the engines were used for pumping upon 
a fire they must_have run, on an average, 
172 miles. 

When it is considered under what un- 
favorable conditions, and how uselessly 
the journeys are often made, some idea 
may be formed of the superiority of a 
system of hydrants where the power, as 
well as the water, is always on the spot 
ready for instant application. The same 
diagram illustrates also another feature 
of the fire brigade service, viz., the 
growth of its cost from the commence 
ment of the old fire engine establishment 
in 1833. It will be seen that the growth 
has been, and is, very rapid as compared 

_with the growth of the population. In 
the first year of the Metropolitan Board 
of Works’ administration of it the cost of 
the brigade was under £41,000; in 1882 
it was £106,552, or an increase in the pe- 
riod of sixteen years of 160 per cent., 
while the population increased only 28 
per cent., and the number of fires 44 per 
cent. ; and in the year 1883, the cost had 
further increased to over £115,000. It 
must not be supposed for a moment that 
this increase is to be regarded as un- 
necessary under existing conditions. 


The cost of the London Fire Brigade | 
is, thanks to Captain Shaw’s admirable | 


organization, still small, as compared 
with some other unhydranted cities. In 
New York, as alre: ady stated, the cost is 
very much greater for less than a third 
the population and area. There the av- 
erage annual cost for the three years, 
1880-3, was over £288,000, and it ap- 
pears to be growing almost as rapidly 
as that of London, though, on the other 


hand, the population there is growing | 
more rapidly. Paris, also, another prac- | 


tically unhydranted city, with half the! 


| population, spends proportionately more 


than London for fire extinction. 

The question of the cost of fire extinc- 
tion again, is not the sole consideration ; 
behind that there is the question of fire 
loss, or the destruction of property by 
fire, and the loss of life. Putting aside 
the last and highest question as being 
one not altogether dependent upon the 
extinguishing service, I propose now to 
direct attention to the question of fire 
losses as affected by the absence or pres- 
ence of efficient hydrant services. 

In describing the hydranted cities | 
have already given the fire losses in four 
of them, viz., Glasgow, Manchester, Dub- 
lin and Birmingham, in accordance with 
the published estimates, and I have shown 
that the losses are—in Glasgow, £215 ; 
in Manchester, £234; in Dublin, £125, 
and in Birmingham £26 11s. per 1,000 of 
the population. In the case of New 
York the losses are published in detail, 
and amount to about £710 per 1,000 of 
the population, as compared with £588, 
the loss in the metropolis as estimated 
by myself. 

The Table A has been prepared in ac- 
cordance with the facts I have stated; 


but in order to give the figures a practi- 
‘al bearing in the case of the metropolis, 
I have added two columns which give the 
costs and losses of a place having the 
population of London, at the same rates 


as each of the places considered. It 
will be seen that the annual cost of ex- 
tinction by hydrants, if it were at the 
same rate as Liverpool, Glasgow, Man- 
chester and Birmingham, would be from 
£30,000 to £40,000; and at the same 
rate as Dublin, £50,000; while, if it were 
at the same rate as New York, the cost 
would be £886,000, instead of £99,880, 
the average annual cost in London in the 
years 1880-2 

The diagram H (shown on the wall) 
has been prepared from Captain Shaw's 
table, already referred to, and it seems 
to place the value of efficient hydrant- 
ing in a very striking light. From the 
table referred to have been plotted the 
figures, giving the cost of the fire bri- 
gades in a number of important towns 
at the date of the compilation of the 
table (in 1877). The cost in the hy- 
dranted cities, viz., Glasgow, Liverpool, 
Manchester and Dublin has been shown 
in red. The blue line shows the cost in 
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TaBreE A.—ANNUAL Cost oF Fire Extincrion, AND ANNUAL AMOUNT OF Fire LOossEs, 
IN Some Hyprantep AND UNHYDRANTED CITIES. 


Average of Three Years, 1880, 1881, 1882. 


Cost of Fire Brigade. 


Population, 1881. 


same 


Loss.—Property de- 
stroyed by Fire. 
at 


Loss of Property in 


per 1,000 Inhabitants. 
Metropolis 


Cost of Fire Brigade 


Cost of Fir 
of Metropolis at 


* HyYDRANTED. 


£ 
548,649 325 
510,816 
341,508 
249,602 
411,689 


8.28 
9.5% 
6. 
6.0 

13. 


Liverpool 
Glasgow 
547 


5,é 
5, 
3, 
3, 
3, 


266 


286 
250 


£ £ 
110,000 
80,180 
31,144 
10,931 


£ 
7 921,542 
895,644 
476,050 
1 101,287 


£ 
37,000 
39,290 
39,670 
50,200 
30,115 


£ s. 
9 14 
10 6 
10 8 
13 3 
718 


9 
oO 
1 


15 

34 16 
24 1¢ 
26 1 


* UNHYDRANTED. 





99,880 
288,190 
$86,600 


3,814,571 
1,240,000 
1,269,023 


121 
39 
39 


tParis, 1883-4...... 


* The terms “‘hydranted ” and ‘‘unhydranted ” 


2,242,400 
880,000 
431,300 


4 99,880 
8 886,490 
8) 145,500 


2,242,400 
2,707,150 
734,300 


587 19 
709 14 
192 10 


26 
232 
$38 


indicate the presence or absence in each place of a com- 


plete system of hydrants which are use od for fire extinction without the intervention of fire engines. 


+ The cost of the 


+ 


Fire Brigade has been reduced from £3,616 in 1880, to £3,053 in 1882. 
t A large number of fire hydrants have been put down, and some have been used without the intervention 


of fire engines, but the average pressure is not such as to admit of this being generally done. 
§ Average of 1883 and 1884, exclusive of rent and repair of quarters, barracks, &c. 


' Average of 1880, 1881, and 1882. 


a number of American cities. Paris and 
London, having populations respectively 
twice and over three-fold as great as 
New York, are not shown, but from the 
table, and the remarks upon it it will be 
gathered that in both those cases the 
cost would be far above the rates shown 
by the red color, which has been extend- 
ed to embrace a place of the size of New 
York. 

In the foregoing remarks I have sim- 
ply taken population as the basis of 
comparison between the several places. 
And, I do not pretend to say that there 
are not exceptional considerations apart 
from the question of water supply, such 
as areas, character and proximity of 
buildings, habits of people and so on, 
which would, and no doubt do, materially 
influence results, but the distinction be- 
tween the hydranted and unhydranted 
places is so broad and marked where the 
places are of such different characters on 


the one hand as Glasgow, Liverpool, 
Manchester and Dublin, and on the other 
hand, as London, New York, Paris and 
Birmingham, that it must appear to all 
that the absence or presence of efficient 
hydranting far outweighs any other con- 
sideration. 

It now remains for me simply to add 
that, having for some years devoted 
much study to the subject, 1 believe 
that, notwithstanding all the difficulties, 
only the chief of which have been advert- 
ed to here, there are methods—or per- 
haps I ought rather to say there is a 
method—by which such cities as London, 
New York, and Paris may be efficiently 
hydranted at a comparatively small cost, 
and practically with very trifling incon- 
venience, which method I have already 
described in papers read at the last meet- 
ing of the British Association, and before 
the Institution of Mechanical Engineers. 
‘It is, however, impossible, within the 
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limits of a single paper, as must be suf- 
ficiently obvious, to discuss the whole 
question ; I, therefore, content myself on 
this occasion by advancing the proposi- 
tion that efficient hydrants form, as far 
as our experience goes, the only effective 
weapon with which fire brigades can suc- 
cessfully cope with fires. 


On THE Porirication oF Water By Iron 
on A LarGeE Scar. 
BY W. ANDERSON, M. INST. C. E. 

In January, 1883, in a paper on the 
Antwerp Waterworks, read at the insti- 
tution of Civil Engineers, I described the 
application of Professor Bischof’s method 
of filtration, through a mixture of spongy 
iron and gravel to the purification of the 

yaters of the River Nethe. The eighteen 
months’ additional experience gained has 
shown that, so far as the purification of 
the water is concerned, Professor Bis- 
chof's process leaves little to be desired, 
but the working of the system has been 
costly, and the area of land required, as 
well as the quantity of iron necessary, 
has, in the case of the Antwerp water, at 
any rate, proved very much beyond the 
inventor's expectations. 

The increased demands of the town 
rendered it necessary to extend the ar- 
rangements for purifying the water, and 
it became my duty to advise the direct- 
ors of the company on the best means of 
doing this. 

The extension of Professor Bischof's 
method would have involved so great an 
outlay, that after trying, unsuccessfully, 
many experiments on direct filtration 
through unmixed iron at high rates of 
flow, I determined to adopt a plan first 
suggested to me some years ago by our 
chairman, Sir Frederick Abel, of agita- 
ting the water to be purified with iron in- 
stead of attempting to filterit. The ob- 
ject in either case was to expose the 
water as much as possible to an extended 
surface of iron, consequently, any plan 
by which the iron could be made to keep 
itself clean by rubbing against itself 
continually, would seem to be a morera- 
tional way of attaining this object, than 
of trusting to a partial filtration through 
a more or less spongy material. 


The obstacle to trying Sir Frederick | 
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|that a contact of about 45 minutes was 


necessary to ensure complete purification, 
and any such time would be fatal to me- 
chanical means of performing the work. 
The late Professor Way and Mr. Ogston, 
it is true, had shown that with very finely 
divided iron the effect was much more 
rapid, but there was still a doubt about 
its permanence. 

In the autumn of last year, a revolvy- 
ing cylinder, 4 ft. 6 in. in diameter, and 
5 ft. 6 in. long, was adapted to try Sir 
Frederick Abel's system. It was fitted 
with inlet and outlet pipes, and with 
shelves or ledges for scooping up the 
iron, raising it to the top of the cylinder, 
and then letting it fall through the water. 

At first I began to run water through 
at 12 gallons per minute, which gave a 
contact of about 45 minutes, but I found 
that at this rate the water was very heav- 
ily charged with iron; I gradually in- 
creased the quantity to 30 gallons per 
minute, and then found that 1.20 grains 
of iron were dissolved per gallon, or about 
twelve times more than experience at 
Antwerp showed to be necessary. The 
flow was increased to 60 gallons, and even 
then 0.9 grains per gallon were dissolved. 

The experiment looked so hopeful that 
I fitted much larger pipes to the appr- 
ratus, and having made some other dis- 
positions connected with maintaining a 
uniform distribution of iron in the cylin- 
der, and preventing it being washed 
away by the comparatively rapid current 
that would be possible, I sent the “ Re- 
volver,” as it came to be called to Ant- 
werp, where it was put to work at the 
end of last February, and has continued 
to operate ever since. 

The head available for forcing the water 
through the “ Revolver” is, at Antwerp, 
limited to 5 feet, but by fitting very large 
pipes I have managed to get 166 gallons 
per minute through; this gives a contact 
of about 34 minutes, and is so amply suf- 
ficient that I feel sure that, even for the 
waters of the Nethe, much less time will 
be adequate. 

The charge of iron is about 500 Ibs., 
and the quantity taken up by the water, 
including impurities and very fine iron 
washed away, during a run of thirty- 


| three days was 0.176 grains per gallon. 


By making suitable arrangements, and 


Abel’s method at a much earlier date, was| choosing a favorable time with respect 
the belief entertained by Professor Bischof!to the demands of the town, we were 
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able to obtain samples of water that had 
been purified by the “Revolver” only, 
and after proper exposure to the air, fol- 
lowed by filtration through one of the 
large sand filters, the result obtained has 
been that the color was very little dif- 
ferent from distilled water, the free am- 
monia was reduced from 0.032 grains per 
gallon to 0.001, and the albumenoid 
ammonia from 0.013 grains to 0.0045. 

The “ Revolver” turns at the rate of 
about 4 revolution per minute, and re- 
quires scarcely appreciable power. The 
area occupied by apparatus for dealing 
with 2,000,000 gallons per day is 29 feet 
by 24 feet, and it can be introduced into 
any existing system of filters, for by en- 
larging the inlet and outlet pipes toa suit- 
able diameter, a head of some 12 inches 
will suffice to pass the water through. 

It can easily be arranged so as to be 
used or not, as the state of the water to 
be purified may warrant, and the con- 
sumption of iron being only about 20 Ibs. 
per million gallons is quite an insignifi- 
cant expense. It will be found to remove 
all color from water whether caused by 
peat or clay, and will facilitate the action 
of sand filters by the peculiar curdling 
effect the iron has on the impurities. 

During the experiments made at Erith, 
it was noticed that considerable quanti- 
ties of gas collected in the upper part. 
of the “ Revolver.” On collecting this 
gas it was found to extinguish a lighted 
taper instantly, and on analysis was 
found to contain only 8 per cent.of oxygen. 

It was observed from the first that the 
animal and vegetable life which was so 
abundant and troublesome in the natural 
waters of the Nethe, lying over the 
spongy iron filters, had quite disappeared 
in the water, otherwise in exactly the 
same circumstances lying over the sand 
filters, and I always supposed that this 
was due chiefly to mechanical filtration 
through the spongy iron having sepa- 
rated all the germs, spores and seeds 
which come to life above it. But, during 
the recent hot weather, it has been 
found that the water from the “ Revolv- 
er,” though it contains all the impurities 
of the natural water, has been modified 
by the action of iron to such an extent 
that neither animal nor vegetable life is 
apparent over the sand filters. Without 
presuming to draw very wide inferences 


from this fact with reference to the ac-| 
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tion of iron upon organisms connected 
with disease it may, at least, be pointed 
out that the absence of visible life in 
water treated by iron on a large scale 
confirms, in a great measure, the experi- 
ments of Dr. Frankland, Dr. Voelcker, 
Mr. Hatton, Professor Bischof, and 
others. It is due to the last-named gen- 
tlemen to state that to his persistent ad- 
vocacy the introduction of iron as a puri- 
fier is mainly due. It must be borne in 
mind that the system does not depend 
on filtration only, but, first, on a process 
of exposure to iron, which decomposes 
the organic matter, and kills living or- 
ganisms; and, secondly, on simple filtra- 
tion, which merely separates the noxious 
matters which had been previously at- 
tacked by the iron. The waters of the 
Nethe are exceptionally bad, and heavily 
charged with impurities, so that the test 
both of Professor Bischof's and Sir Fred- 
erick Abel’s systems has been very se- 
vere. 
— . 


— Russian review, Russkaya Starina and 

the Journal of the Russian Chemical and 
Physical Society have lately devoted some at- 
tention to the first steam engine that was made 
in the Russian Empire, in 1763, at the ironworks 
of Barnaoul, in Western Siberia, by a mining 
engineer, Polzunoff. It appears from M. Wo- 
yeikoff’s description of this steam engine, the 
model of which, Nature says, exists still at 
Barnaoul—both reviews have figured it on 
plates—that Polzunoff’s engine was a reproduc- 
tion of the ‘‘fire-engine” of Newcomen, with 
some original improvements. Thus, it has two 
cylinders, instead of one, and, instead of the 
beam, Polzunoff made use of a wheel which 
received the chains of the pistons, and trans- 
mitted the circular movement, transformed 
again into a rectilinear one, to a pair of bellows, 
used for blowing air into a high furnace. The 
distribution of vapor was automatic, as in New- 
comen’s engine, but with several improvements. 
The engine, which had cylinders 9 ft. long and 
9 in. in diameter, worked durmg two months 
from May 20th, 1766, and 3100 cwt. of silver 
ore, yielding 5 cwt. of silver, were melted with 
its help. But Pulzunoff did not see his engine 
at work, as he died from consumption four days 
before. He was a remarkable man for his time. 
In his theoretical remarks about ‘‘ Air, Water, 
and Vapor,” he notices also that physicists are 
not agreed as to the origin of heat, some of them 
seeing in it a much-divided, fine moving matter, 
while others ‘* see the origin of heat in friction 
and in the vibratory motion of the particles in- 
accessible to our senses, of which the bodies 
are constituted.” He obviously quotes here the 
words of Lomonosoff, who stated in these words 
the mechanical origin of heat in his little-known 
memoir, written as an instruction to Tchitcha- 
goff’s Polar Expedition. 
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SIZE AND INCLINATION OF SEWERS. 


By ALFRED EDWARD WI 
From Selected Papers of the 


TuereE is no doubt that each of the two 
systems of sewerage, the separate and 
the combined, possesses certain advan- 
tages and certain disadvantages, as com- 
pared with the other; there being some 
conditions under which the former sys- | 
tem may be adopted with the greater 
benefit, and other conditions under which 
the latter is the more applicable. An ad- 


|lons per head per day. 





vantage of some importance, however, 
which the separate system 
over the combined system, is that of al-| 


lowing of the use of sewers of a smaller | 
| head per hour. 


size. 

As a rule, the smaller a sewer (within | 
certain limits) the better, provided it is 
large enough to deliver the maximum 
quantity required to be disposed of ; and | 
the smaller the excess of the maximum 
flow over the ordinary flow, the more ef- 
ficient may the sewer be made for the 


A 


conveyance of the ordinary flow. 
sewer constructed to receive the whole 
of the surface water in addition to the} 
sewage, will not, with the dry-weather 
flow consisting of sewage only, work as 
efficiently as a smaller sewer, constructed 
to convey the sewage with only a limited 


quantity of surface water. The larger 
sewer is so much in excess of the require- 
ments of the dry-weather flow, that it 
will not under ordinary circumstances be 
self-cleansing to the same extent as the 
smaller sewer, while the smaller may 
also be more efficiently flushed with a 
moderate supply of water. 

It probably is necessary in almost all 
eases (in order to avoid an unreasonably | 
complicated arrangement of  branch| 
drains) to admit the water from back | 
roofs and back yards to the sewers, even 
where there are separate drains for sur- | 
face water; but the greater the quantity | 
so admitted the more it will tend to| 
neutralize the advantage above referred | 
to. 

To determine the volume of the dry- | 
weather flow in any sewer is a compara- 
tively simple matter, if sewage only be | 
admitted to it, as such volume may be} 


POSSESSES | 


IITE, Assoc. M. Inst. C. E. 
Institution of Civil Engineers. 


considered equal to the amount of the 
water-supply ; which amount is usually 
known with sufficient accuracy, and for 
an average town may be taken at 25 gal- 
In making pro- 
vision for the maximum dry-weather flow 
of sewage, it is usual to assume that 
one half the daily quantity is discharged 
in from six to eight hours ; if, therefore, 
the daily quantity be assumed at 25 gal 
lons per head, the maximum flow will 
be at the rate of 124 gallons per head in 
(say) six hours, or about 2 gallons per 


The amount of rainfall, which it is 
necessary to provide for in the sewers, is 
a much more difficult matter to deter- 
mine, and one which seems to be often 
under-estimated. In the first place it is 
necessary to estimate the amount which 
the sewers should be capable of receiving 
above storm-overflows ; and in the second 
place the amount which they should de- 
liver below such overflows. ‘To prepare 
for the heaviest rains in this country is 
out of the question, considering the ex- 
cessive falls which occasionally take 
place. The rate of rainfall to be pro- 
vided for above the overflows should be 
determined with due regard to the degree 


|of risk of such rate being exceeded, and 


to the amount of inconvenience or dam- 
age which would be caused in the event 
of its being exceeded; but to incur a 
great expense in constructing large sew- 
ers, merely to avoid the probability of 
their overflowing and causing a small 
amount of damage, once or twice in a 
generation, would be unreasonable. Such 
expense, however, might be justified 
where the probability of overflow, and 
also the damage likely to ensue, were 
great. With regard to the sewers be- 
low storm-overflows, their capacity should 
be sufficient to avoid overflows of such 
frequency and amount, as would serious- 
ly pollute the watercourses or rivers re- 
ceiving the overflows. 

Under the separate system the only 
rain which should find its way to the 
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sewers is that falling upon back roofs 
and back yards, and the quantity may be 
estimated from the area of such roofs 
and yards, together with the maximum 
rate at which rain falls. The above area 
may be taken at an average of 500 square 
feet for a house occupied by five persons, 
or 100 square feet per head of the popu- 
lation, and it may be assumed that the 
entire rainfall upon such area is dis- 
charged into the sewers. 

The published rainfall tables, of the 
description required to determine the 
maximum rate at which there is a prob- 
ability of rain falling, are of a very 
meager character. Observations of rain- 
fall are not usually taken at shorter in- 
tervals than twenty-four hours, and the 
duration and amount of most heavy 
rains consequently are not recorded. In 
the volumes of “ British Rainfall,”* there 
are, however, tables giving all the excep- 
tionally heavy falls reported by observers 
in various parts of the United Kingdom, 
and by these tables some valuable infor- 
mation on the subject is given. Taking 
the records of the three years, 1880, 1881 
and 1882; there are reported fifty-seven 
falls at a rate of over 1 inch per hour, 
forty-two over 1} 
inch, eighteen over 2 inches, six over 3 
inches, and two over 5 inches per hour. 
The heaviest fall reported was at the 
rate of 5.80 inches per hour, and it con- 
tinued for thirty minutes. Regarding 
these records, the impracticability of pro- 
viding for the heaviest falls is obvious ; 
it seems to the author, however that a 
fall at the rate of 14 inch per hour should 
in average cases be provided for, in sew- 
ers which are not relieved by storm-over- 
flows ; and for the purpose of future cal- 
culations it is assumed that such sewers 
should be capable of receiving a fall of 
this amount. It should be stated that 
many of the above-mentioned forty-two 
falls, which exceeded 1} inch per hour, 
were of such short duration that they 
would not cause sewers, capable of dis- 
charging this amount, to overflow, as the 
capacity of sewers, independent of their 
discharging power, is considerable. 

The available statistics, of the char- 
acter necessary to determine the amount 
of rainfall which it is desirable to pro- 
vide for in sewers below storm-overflows, 


*“On the distribution of rain over ow British 
Isles.” Compiled by G. J. Symons, F. R 


inch, thirty over 14 | 


are, for the purpose required, of a more 


satisfactory nature than those above re- 
ferred to. “British Rainfall” for the 
year 1880 contains a very useful table, 
contributed by Mr. Baldwin Latham, M. 
Inst. C. E., prepared from the records of 
a self-recording rain-gauge at Croydon ; 
such table giving the quantity, duration, 
and rate per twenty-fours hours, of all 
falls of rain of any importance, from 
March, 1879, to April, 1881. Some simi- 
lar information is afforded by the records 
of a self-recording rain-gauge at Camden 
Square, London, ‘which have ve ry kindly 
been placed at the disposal of the author 
by Mr. Symons. As these records have 
not before been tabulated, a table pre- 
pared from them, giving particulars of 
the important falls of 1881 and 1882, 
appended to this paper. 

Table 1, which is an abstract from the 
above-mentioned tables, shows the num- 
ber of times certain rates of rainfall were 
exceeded in two years; also the aggre- 
gate duration of the falls exceeding these 
rates. 

Taste I. 





Rate of 
fall in 
fractions 
of an inch 
per hour. 


Number of Aggregate 
times rate duration of 
was ex- | excessive 
ceeded in | falls in 
two years.) hours. 





1 
Croydon 4 
Records 1 

L 

| 

Camden j} 

Square } 
Records | 


From this table 
proximately, the 
storm-overflows would 
with sewers capable of discharging 
ous amounts of rain, and also the ag- 
gregate duration of the overflows. As, 
however, a number of the falls included 
were of very short duration, and in many 
cases would not be simultaneous over 
the whole drainage area, it may be as- 
sumed that some of them would not 
cause overflows, and that the duration of 
the overflows caused by others would be 
reduced ; and to compensate for this a 
| deduction of (say) 20 per cent. should be 


may be obtained, ap- 
number of times that 
come into action 
vari- 
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made from the leans in Table 1. Now, 
taking a sewer capable of discharging a 
rainfall of § inch per hour, and making 
the required deduction, the number of 
overflows during two years, according to 
the Croydon records, would be eighty- 
six, and according to the Camden Square 
records one hundred and nine, and their 
aggregate duration, in each case, about 
fifty- eight hours ; or during one year the 
number of overflows would be forty- 
three and fifty-four and a-half respec- 
tively, and their duration, in each case, 
about twenty-nine hours. Overflows to 
this extent in most cases, and probably 
to a considerably greater extent in many 
cases, would be admissible, and for the 
purpose of future calculations it is there- 
fore assumed that sewers below storm- 
overflows should be capable of discharg- 
ing } inch of rainfall per hour. 

It is of interest to notice that of the 
rainfalls at Croydon and Camden Square, 
during the above period, none amounted 
to the maximum quantity which would 
be received by sewers capable of dis- 
charging l}inch per hour. Eight falls 
were in excess of one-half the capacity of 
such sewers, forty six of one-quarter, and 
one hundred and sixty-eight in excess of 
one-eighth their capacity. The heaviest 
fall, which was at Camden Square, con- 
tinued for ten minutes at the rate of 1.68 
inch per hour; this, however, taking into 
consideration the shortness of its dura- 
tion, was about 12 per cent. below that 
which sewers capable of discharging 1} 
inch per hour would receive. The fall 
second in importance was at Croydon, 
and continued for ten minutes at the 
rate of 1.34 inch per hour, this being 
about 30 per cent. below the amount the 
sewers would receive. 


Upon‘ the area before mentioned as | 


that which may be assumed to be cov- 
ered, per head of the population, by back 
roofs and yards, viz., 100 square feet, a} 


rainfall of 1} inch would produce 65 gal-| 


lons; and as the maximum volume of the 


sewage proper, in average cases, as al- | 
ready determined, is about 2 gallons per | 


head per hour, a total of 67 gallons per, 
hour should be provided for in sewers | 
which are not relieved by storm-over- | 
flows. With regard to sewers below) 
storm-overflows, the volume to be pro- 
vided for, per head per hour, according 
to the foregoing conclusions, is a rainfall 
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of 4 inch on 100 senattalil feet, or ( 
gallons, and 2 gallons of sewage, making 
84 gallons. 

Sewers should, where possible, be con- 
structed with such inclinations as will 
render them self-cleansing with the ordi- 
nary flow of sewage; and where this is 
impracticable, the inclination should at 
least be sufficient to give a self-cleansing 
velocity with the assistance of flushing. 

As to the velocity necessary for self- 
cleansing purposes, authorities differ 
somewhat. It seems to be usually con 
sidered that small sewers require a 
greater mean velocity of sewage flow 
than large sewers, but the grounds upon 
which this assumption is based do not 
seem very clear. ‘The bottom velocity is 
that upon which the self-cleansing prop- 
erties depend; but how is this velocity 
to be determined? The size, form, 
gradient, and depth of flow of a sewer 
being given, there are several reliable 
formulas for calculating the mean veloc- 
ity, but not so the bottom velocity. One 
authority states the bottom, mean and 
surface velocities to be nearly as 3, 
4 and 5, and others express the ratio by 
figures nearly corresponding with these. 
It appears to be assumed that these pro- 
portions apply under all circumstances ; 
but that this is a mistaken assumption, 
the author would submit, may ke proved 
as follows: 

If a ‘trough be taken, as shown by the 
annexed diagram, in which the water 
up to A, then, according to the above 
rule, if the velocity of flow at A be rep- 
resented by 5, that at B, half-way down, 
will be about 4, and at the bottom 3, 
while the velocity at C, mid way between 


is 

















the bottom and B, will be about 34. Now 
if the water be only up to B—that is to 
say, of half the depth before assumed— 
and the inclination be increased so that 
|the mean velocity is the same as before, 
then the velocity at C, it being about the 
mean, will be 4. Thus in the former case 
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the velocity at C, which was 3}, was less | 


than in the latter, the mean velocity in 
each case being the same. 
will the bottom velocities in the two cases 
correspond? The velocity of the bottom 
water is affected by three forces: I. Its 
own gravity, due to the inclination of the 
trough. 2. The velocity of the water 
directly above. 3. Its friction upon the 
bottom of the trough. The first force, 
that of gravity, is greater in the latter 
case, or with the shallow flow, as the in- 
clination is greater; the second force, 
that of the water above, is also greater 
in the latter case; for, taking any point 
above the bottom, as, for instance, the 
point C, the velocity at that point is 
greater in the shallow flow. The third 
force, that of friction, upon the bottom 
of the trough, is equal in each case. 
Both the force of gravity, and the 
greater velocity of the water above, tend 
to give the bottom-water a greater veloc- 
ity with the shailow flow, and it is there- 
fore evident that the difference between 
the mean and the bottom velocity is 
greater with a deep flow of sewage than 
with a shallow flow, or, under ordinary 
circumstances, with a large sewer than 
with a small one. It would therefore 
appear that the mean velocity necessary 


to render sewers self-cleansing is greater | 


with a deep flow than with a shallow 
flow. 

It may be assumed that 150 feet per 
minute is an ample self-cleansing velocity 
for ordinary sewers when running half- 
full or thereabouts, and 135 feet per 
minute is probably quite sufficient for a 
shallow flow, such as that discharged in 
dry weather, provided the sewage be 
sufficiently deep to float or submerge the 
solid matters contained in it. 

The inclinations necessary to produce 
a velocity of 150 feet per minute in cir- 
cular sewers of various sizes, flowing 
half-full, or full, and in egg-shaped sew- 
ers flowing two-thirds their vertical 
height, are shown in Table 2; also the 
population which such sewers, when 
running full, would be capable of serving 
at 67 gallons per head per hour above 
storm-overflows, and 8} gallons below 
storm-overflows. 

Sewers should be constructed to flatter 
inclinations than the above, and these 


How then | 


TaB_e II. 


; ; 
Inclination) Population Population 
to produce} served by | served by 
velocity of | sewers a- | sewers be- 

150 feet |bove storm! low storm- 
pr. minute.) overflows.) overflows. 


Size of 


Sewer. 








- In. Ft. In. 
6x0 6 
9x0 9 
0x1 0 
3x1 3 
6x1 6 
3x1 6 
6x1 8 
9x1 10 
0x2 0O 
3x2 2 


174 
261 
349 
436 
524 
661 
734 
808 
882 


955 


165 
370 
658 
1,028 
1,481 
2,080 
2,567 
3,106 
8,697 


4,340 


1,297 
2,919 
5,189 
8,107 
11,675 
16,390 
20,235 
24,485 
29,140 
34,2 


1 in 


In the preparation of the foregoing 
and following tables, the formulas used 
are those of Eytelwein, viz. : 

V=5604/ BS. 
Vv? 


¥ 


i (5604)* 


Where V=velocity in feet per minute. 
S=sine of inclination. 
R=hydraulic radius. 


To ascertain the gradients required for 
self-cleansing with the dry-weather flow, 
it is necessary to determine the amount 
of such flow as compared with the 
capacity of the sewers. According to 
the figures already given, the maximum 
quantity to be provided for in sewers 
above storm-overflows is 334 times, and 
in sewers below storm-overflows 4} times, 
the maximum dry-weather flow. The 
difference, however, between the dry- 
weather flow and the capacity of the 
sewers would often be considerably 
greater than this, as sewers are of neces- 
sity somewhat larger than necessary for 
the maximum flow, through certain por- 
tions of their length, especially on ap- 
proaching dead ends. To allow the re- 
quired margin, let it be assumed that 
the capacity of sewers above storm-over- 
flows is 45 times, and below storm-over- 
flows 5 times, the maximum dry-weather 
flow. Working upon these proportions, 
the inclinations required above storm- 
overflows in sewers of various sizes, to 


inclinations are only admissible where | produce a velocity of 135 feet per min- 


flushing power is provided. 


| ute with the dry-weather flow, are shown 
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by Table 3; also the depth of the dry- 
weather flow, the assumed population 
contributing to it, the velocity when run- 


sewers, when running full, would be 
capable of serving, at 67 gallons per 
head per hour. 


ning full, and the population which the 


TABLE 3. 


| Inclination to | Depth of dry- Population 
produce veloci- weatherflow,or| Population Velocity servedbysewer 
ty of 125 ft. per of flow equal to contributing to when running | when running 
| minute, with | one forty-fifth | dry weather full, in feet full at 67 gal- 
maximum dry-| the capacity flow. per minute. | lons per head 
weather flow. of sewer. per hour. 


Size of Sewer. 


Inch. 
0.56 


Ft. Ins. 
6 
9 
0 
3 
6 
6 
8 

10 


230 
514 
915 
1,428 
2.057 
2,708 
3,343 
4,046 
4,816 


5,650 


lin 5 


xxxxXxxXxXXXXX” 





Table 4 gives particulars, similar to|the maximum flow being taken at 8} 
those in the preceding Table, with refer- | gallons per head per hour. 


ence to sewers below storm-overflows, | 


TABLE 4. 


Population 
Population Velocity served by sewel 
contributing to} when running when running 
dry-weather full in feet fullat8$ gallons 
flow. per minute. 


Inclination to | Depth of dry- | 
produce veloci-/ weather flow, or 
ty of 135 ft. per| of flow equal 

minute, with | to one-fifth the 
|maximum dry-| capacity of 
| weather flow. sewer. 


Size of Sewer. 
per head per 
hour. 


Inch. 
.76 
2.64 
3.52 
40 7,58 ss 
.28 *6 
.79 | | 


Ins. 
6 
9 = 


sé 


Ft.Ins. Ft. 
0 6 
0 9 
0 
3 
6 
3 
6 
9 
0 


€ 
e 


1,427 
3,211 
5,708 
8,919 
12,843 
18,326 
22 625 
27,377 
32,580 
38,237 


1 in 145 
217 
289 
‘“ 361 
‘6 434 
525 
583 
642 
700 


758 


165 


sé 


“ 


Wee Re 
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| 
| 


The difference shown in Tables 3 and | weather flow be less than that stated, in 
4 between the population contributing to | which case the volume of sewage would 
the dry-weather flow, and the population |also be less, an increased inclination 
which the sewers are capable of serving, | would be required to give the self-cleans 
represents the margin allowed in deter- | ing velocity. 
mining the amount of the dry-weather; The size of sewer for inclinations 
flow, as compared with the maximum | other than those in the tables may easily 
flow, as previously explained. Should | be calculated from those given, the dis- 
the population contributing to the dry-| charge being in proportion to the square 
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root of the sine of the inclination. The 
sine, however, for a given population and 
given inclination, may vary considerably, 
according to the local conditions affect- 
ing the volume of sewage per head to be 
disposed of. 

With sewers on the combined system, 
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the maximum amount of water to be 
dealt with, in proportion to the popula- 
tion, would probably be, in an average 
case, three times that provided for in the 
tables; and the population served by 
a sewer of a given size would conse- 
quently be proportionately less. 


ON THE CONSUMPTION OF FUEL IN LOCOMOTIVES.* 


sy M. GEORGES MARIE, Engineer of the Paris and Lyons Railway. 


From 


Durine the past twenty years a great 
advance has been made in regard to 
economy of fuel in steam engines. In 
marine engines remarkable results have 
followed from the general use of com- 
pound cylinders and surface condensers ; 
for whereas their consumption was for- 
merly from 3} lbs. to 44 Ibs. per indi- 
cated horse-power per hour, it has now 
been reduced to about 2 lbs., and some- 
times even Jess.t Equally good results 
are obtained with Corliss engines. This 
progress in economy of fuel has led to 
the endeavor to effect a corresponding 
reduction in locomotives. But, before 
the ordinary build of locomotives so long 
in vogue is abandoned, their exact con- 
sumption ought to be ascertained. Gen- 
erally it is measured in pounds per mile ; 
but that mode is not a convenient one 
for comparison, because it takes no ac- 
count of gradients, weight of train, 
speed, and train resistance, all of which 
are so variable that the bare statement 
of consumption per mile is of scarcely 
any value. The only proper way of 
reckoning the consumption, so as to ad- 
mit of comparison under different cir- 
cumstances, is in pounds per horse-power 
per hour; and this is accordingly the 
new methods described in the present 
paper, as applied to locomotives under 
ordinary working conditions. There is a 
general impression that locomotives con- 
sume as much as from 44 lbs. to 54 lbs. 
of fuel per horse-power per hour. With 
a view to dispel this very prevalent error, 
the author can quote experiments made 


* Read before Institution of Civil Engineers. 


+ See Paper by Mr. F. C. Marshall, Proceedings 
881, p. 452. 


“The Engineer.” 


by him during the last few years, which 
show an average consumption in good 
locomotives of 3.35 lbs., when the horse- 
power is measured by the work done at 
the circumference of the driving wheels, 
and of 2.91 lbs. when it is measured by 
the indicator diagrams ; the fuel being of 
good quality and the firing done with 
care. Comparing this with the marine 
engine consumption of 2 Ibs. per indi- 
cated horse-power, it is seen that loco- 
motives are much more economical than 
is usually supposed, considering that they 
work non-condensing while marine en- 
gines enjoy the great advantage of con- 
densation. The author's first experi- 
ments on this subject. made in 1877 on 
the line between Rive-de-Gier and St. 
Ktienne in the department of the Loire, 
gave a consumption of 2.90 lbs. to 3.24 
lbs. per indicated horse-power per hour ;* 
other experiments confirming this con- 
sumption were also made on a longer 
length between Alais and Langeac on the 
Nimes and Clermont line. These results, 
which were widely criticised, led M. 
Hirsch, Professor of Steam and Engi- 
neering at the Ecole des Ponts et Chaus- 
secs, to request that the experiments 
might be repeated in his presence. Fresh 
trials, which may be considered official, 
were accordingly made with him on 18th, 
20th and 21st of July, 1882, on the Mont 
Jenis line between St. Jean de Maurienne 
and Modane, with the ordinary trains. 
The average consumption was again 
found to be 2.90 lbs. per indicated horse- 
power per hour. In these experiments 
neither indicator nor dynamometer of 


* See “Revue des Chemins de fer,” 


pi July 
. ‘- 


1881, 
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any kind was used, such delicate instru- 
ments being liable to give rise to errors. 
Indicators especially occasion consider- 
able errors through the oscillations of 
the piston-rod and spring, and in general 
give accurate results only from stationary 
engines working at slow speeds. The 
following are the particulars of the three 
days’ trials, which it is hoped will suc- 
cessfully clear the locomotive from the 
imputation of wastefulness in consump- 
tion of fuel. 


Choice of Line.—For experiments of 
this kind the writer generally chooses a 
steep rising gradient, because the work 
performed by the engine can then be 
easily and accurately calculated. It then 
consists of two portions: first, the work 
due to the train resistance on a level ; 
and secondly, that due to gravity on the 
incline. On a steep rising gradient 
this latter portion becomes much | the 
more important, while it can always 
be determined with accuracy, being the 
product of the total weight of train and 
engine, multiplied by the difference in 
level between the two ends of the in- 
cline; whereas the calculation of train 
resistance on a level is always subject to 
slight errors, arising from variations in 
the circumstances of wind and weather. 
Hence the steeper the incline up which 
the engine takes the train, the greater is 
the accuracy with which work done can 
be calculated. 
duty can practically be determined with- 
out the use of either indicator or dyna- 
mometer of any kind. The portion of 
line selected for the trials has the length 
of 274 miles between St. Jean de Mauri- 
enne and Modane stations on the Mont 
Cenis line; the gradients are 1 in 100 to 
1 in 35, rising tow: ards Modane, which is 
1709ft. above the lower station; the 
average gradient is 1 in 534. 


Choice of Train.—The train chosen 


was a passenger train starting from St. | 


Jean de Maurienne ut 12.21 noon, stop- 
ping only once on the way, at St. Michel, 
for three minutes, and reaching Modane 
at 1.25 p.m.; the average speed being 
accordingly 17.40 miles per hour. The 
engine, built from the designs of the 
writer’s father, the late Ernest Marié, 
had eight wheels coupled, and its princi- | 
pal dimensions were as follows : 
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In this way the engine} 


21} in. 
26 in. 


4 ft. 12 in. 


(Diameter... .. 
(Stroke 
Wheels, diameter 
Heating surface 
“(Fire- box. 
(Tubes.. 
Fire-grate area 
Boiler pressure 


Cylinders 


. 104.52) 


“2045 18} 2149-70 sq. ft. 


22.39 sq. ft. 
128 Ibs. per sq. in. 


The weight of the train, ascertained 
with the greatest care, was 163.58 tons, 
the particulars of which are given in the 
tabular summary appended; engine, 
tender and carriages were all weighed 
accurately on weighing machines. 


Caleulation of work done.—If caleu- 
lated at the circumference of the driving 
wheels, not in the cylinders, the work 
done is exclusive of the engine friction, 
and is given by the following formula: 
Work done=W x/xr+Wxh. Here W 
=total weight of train, including engine 
and tender = 163.58 tons = 366,419 lbs. ; 
Z= distance run=17.334 miles=91,536 
ft.; r=coefficient of resistance = 3390 5 

232 
per ton; 


The 


: I 
232.5 “4 
Substituting the 


in the present case, or 92 Ibs. 
A=height of train’s ascent=1,709ft. 
choice of the coefficient will 
explained further on. 
foregoing values— 


Work done = 366,400 x (91,536 x = 332.5 


+1709) 
= 366,400 « (394+1709) 
= 770,600,000 foot pound 


Of this work the portion due to tue 
sistance on a level amounts to 

5 barely fifth, while grav 
39441709 °F Darely one-fifth, while grav- 
ity absorbs the remaining four-fifths. 
Hence an error of as much as 10 per 
cent. in the coefficient of resistance occa- 
sions only 2 per cent. error in tue cal- 
culation of the work; while even 20 per 
cent. error in the coefficient causes only 
4 per cent. error in the result. Although, 
therefore, the coefficient here taken of 


may be open to criticism, it is clear 


1 
232.5 
that it may be considerably modified with- 
out sensibly affecting the calculation of 


the work done. This constitutes the 
principle on which the author's trials 
have been based; whereby he has been 
|enabled to arrive at an accurate deter- 
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mination of the work done, without the 
use of either indicator or dynamometer 
of any kind. The only objection to the 
method is that it applies only to moder- 
ate speeds, inasmuch as high speeds 
would be dangerous on the curves of a 
mountain line. 

Consumption of fuel.—To ascertain 
correctly the consumption of fuel the au- 
thor employed a different method from 
that ordinarily followed in locomotive 
trials. The general plan is, after light- 
ing the fire and getting up steam, to note 
the pressure shown by the gauge, and 
the height of the water level, and to 
estimate the quantity of coal then on 
the grate. The trial is then made, and 
is so arranged as to end with the same 
pressure and water-level as at starting, 
and the coal remaining on the grate is 
again estimated. The correct consump- 
tion is arrived at by measuring the quan- 
tity consumed on the journey, adding 
what was on the grate at starting, and 
subtracting what remains at the end. 
Unfortunately it is impossible to deter- 
mine correctly the quantity of burning 
fuel on the grate ; and in consequence 


the calculated consumption almost al- 


ways involves a serious error. This is 
one cause of the discrepancies met with 
in statements of fuel consumption. In 


the author’s trials the above source of the fire, and secondly, 


error has been completely avoided by 
the following mode of procedure. The 
engine tried had already made one jour- 
ney that morning, so that it was in 
steam, with a pressure of 46 lbs. per 
square inch, before lighting the fire for 
the experimental trip. The water-level 
was 5.16in. above the mean line. The 
fire-grate was cleared of every particle of 
fuel from the previous journey. The 
tender was loaded with one ton, or 2,205 
lbs., of Anzin patent fuel in bricks, and 
119 lbs. of wood was served out for 
lighting the fire. The wood was in- 
cluded as fuel in reckoning the actual 
consumption, and was taken as equivalent 
to not more than 44 Ibs. of coal; the 
total supply of coal would therefore be 
2,249 lbs. Steam was quickly got up, 
and shortly afterwards the engine was 
coupled to the train in St. Jean de Mau- 
rienne station, and proceeded thence up 
the incline to modane. The trip was 
made with the engine working in the 
ordinary way, with 128 lbs. of steam, cut 
Vout. XXXIL.-—No. 6—33 


off at 19 per cent. of the stroke. Pro- 
fessor Hirsch, and M. Bazire, of the loco- 
motive department, accompanied the au- 
thor On the engine. ‘The firing was so 
managed as to have no coal at all left on 
the grate on reaching Modane. The 
steam pressure was then found to be 20 
Ibs. per square inch, and the water-level 
4.49in. below the mean; the datum level 
in the locomotives of the Lyons Railway 
being not the actual low-water line, but 
a mean level below which the water may 
fall without danger. The water-gauge 
was of course observed while the engine 
was on the level portion of the line in 
the station, the line running level through 
every station on this railway. The coal 
remaining in the tender weighed 1,133 
Ibs., which would show a consumption of 
2,249—1,133=1,116 lbs., if the boiler 
had been in exactly the same state after 
the trip as before; but no skill could 
succeed in securing the same steam 
pressure and the same water level as on 
lighting the fire. A slight correction has 
therefore to be made in the coal con- 
sumption, to allow for the difference in 
quantity of heat contained in the boiler 
before and after the trip. 

Correction for diff-rence of heat in 
boiler.—Calculating first the quantity of 
heat contained in the boiler on lighting 
the heat remaining 
in it after the trip, the difference convert- 
ed into pounds of coal will be the correc- 
tion to be made in the weighed consump- 
tion of 1,116 lbs., to give the true con- 
sumption. Firstly, at the time of lighting 
the fire, when the water-gauge stood at 
5.16in. above datum, the quantity of 
water in the boiler would be 1,571 gal- 
j\lons, or 251 cubic feet, as ascertained 
|from the dimensions given in the tabular 
summary appended. The temperature 
corresponding with the steam pressure 
of 46 lbs. is 293 deg. Fah. The weight 
of water, therefore, allowing for its ex- 
pansion, would be 14 506 lbs. ; and this, 
at the temperature of 293 deg. Fah., 
would contain 3,436,000 heat units, reck- 
oning from the temperature of the air at 
the time, which was 59 deg. Fah. The 
metal of the boiler, weighing about 20 
| tons, would contain about 1,175,000 heat 
units. The heat in the steam may be 
neglected. Hence the total quantity of 
heat contained in the boiler at the time 
‘of lighting the fire, above the air tem- 
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perature of 50 deg. Fah., would be 4,611,- 
000 units. Secondly, the heat remaining 
in the boiler after the trip, estimated in 
the same manner, would amount to 
3,143,000 units. The difference, or 1,468,- 
000 units, is therefore the additional heat 
expended during the trip. As the weight 
of dry steam generated per pound of 
coal consumed was found to be 8.08 lbs., 
and as each pound of steam at the press- 
ure of 128 lbs. per square inch contains 
1,169 heat units above this feed-water 
temperature of 59 deg. Fah., the boiler 
would produce, in practice, 8.08 x 1,169 
=9,445 heat units per pound of coal. 
The additional expenditure of 1,468,000 
heat units during the trip is therefore 
equivalent to 155 lbs of coal, which, 
added to the weighed consumption, gives 
1,271 lbs. as the true consumption of 
coal for the trip. 

Consumption of fuel per effective 
horse-power per hour.—The work done, 
corresponding with the above consump- 
tion of 1,271 lbs. was 770,600,000 foot- 
pounds. Hence the coal consumption 
per horse-power per hour was 
33,000 x 60 x 1,271 397 lbs 
770,600,000, 0° ~~” 
the work being the effective work, 7. ¢., 
that measured at the circumference of 
the driving wheels. Throughout the 
foregoing calculation, the only coefficient 
open to dispute is that of the train resist- 


ance, which has been taken at ~ but 


232.5 ’ 
it has been seen that even a considerable 
percentage of error in this coefficient 
would involve no appreciable error in 
the final result of 3.27 lbs. consumption 
per effective horse-power per hour. To 
get at, the consumption per indicated 
horse-power per hour, it is only neces- 
sary to deduct the proper allowance for 
the engine friction; which has been 
found, in careful experiments made by 
the writer's father, to absorb at least 12 
per cent. of the indicated power, when 
the engine is in perfect working order. 
Hence the corresponding consumption 
per indicated horse-power per hour would 


00—12 
be 3.27 x a 


100 
mum. 
Consumption of water and production 


2.88 lbs. as a maxi- 


of dry steam.— The consumption of, 
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water on the trip, from the tender and 
from the boiler, was measured with the 
greatest care, allowing for expansion of 
the water in the boiler. It was found to 
amount to 11,290 lbs., or 8.88 Ibs. per 
lb. of fuel. Dedticting 9 per cent. for 
priming, the weight of dry steam pro 
duced would be 8.08 lbs. per Ib. of 
fuel. 

Nature of fuel—Samples carefully 
analyzed of the Anzin patent fuel, which 
was used in the trip, showed 6.9 per 
cent. of ash, and 1 per cent. of moisture 
‘The heating power was found to be 14, 
600 units per lb. It was ascertained by 
means of apparatus specially made for 
the purpose, similar to that used by 
Ebelman, Fabre, Silbermann and Berthe- 
lot, in their experiments on the heating 
power of fuel. It consists of a glass 
phial, within which a powdered sampl 
of the fuel, placed in a crucible, is burnt 
in a current of oxygen ; the phial is im 
mersed in a measured quantity of water, 
and the rise of temperature in the water 
indicates the heat developed by the cow- 
bustion of the sample. Cardiff coal was 
tried in the same way by the author, and 
gave the same heating power; a direct 
comparison can therefore be made be- 
tween the experimental trip and any 
English trials with Cardiff coal. The 
Anzin patent fuel is in fact composed of 
91 per cent. of slack, of the same qual- 


-ity as Cardiff coal, and 9 per cent. of 


coal pitch, the heating power of which 
has been found by the writer to be equal 
to that of ordinary coal. 
Remarks.—Dnuring the experiment, the 
admission of steam to the cylinders was 
for 19 per cent. of the stroke, the steam 
in the waste spaces being included. Tl 
valve gear was tested by Professor 
Hirsch himself. The locomotive had not 
been repaired for a long time. It may 
be objected that the driver probably 
looked after the fire much more closely 
than usual, being stimulated by thie 
presence of the engineers. This may be, 
but, on the other side, the following cir- 
cumstances were unfavorable to economy 
of fuel: (1) During the firing up, the 
locomotive gave out some heat to the 
atmosphere as usual; this loss of heat 
was equivalent to about 29 lbs. of fue’, 
according to an experiment made fur 
that special purpose. (2) In the last few 
minutes of the trial, the engine was rul- 
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ning with a very low pressure, which was 
necessary in order to arrive at Modane 
without any fuel on the fire-grate ; hence 
the engine was working during these 
minutes in unfavorable circumstances. 


Experiments made the 20th and 21st 
July. 1882.—The author, with Professor 
Hirsh, made two other experiments of 
the same kind as the first: on the 20th 
July, with patent fuel from the Grand 
Combe in the Gard coal basin, and on the 
2ist July, with patent fuel from La 
Chazotte in the Loire basin. The re- 
sults were almost exactly the same 
as before. A tabular summary of 
the three experiments is appended in 
which all the figures may be seen at a 
glance. The experiments were all made 
with the same driver, the same engine, 
and the same kind of train. It will be 
noted that they were made in July, that 
is to sayin tke middle of summer. In 
winter the consumption of fuel is about 
10 to 15 per cent higher, on account of 
the loss of heat to the atmosphere. The 
author considers that this loss of heat 
might be diminished if the clothing of 
the boiler were better—a point which as- 
suredly is susceptible of improvement, 
especially for cold countries. 

Conclusions.—The author has proved 
that with a good locomotive and a good 
driver the consumption of fuel and water 
is as follows : 

Consumption of fuel per effective horse- 

power per hour 
Consumption of fuel 

horse-power per hour 
tatio of consumption of water to con- 

sumption of fuel. 8.88 
Ratio of dry steam produced to fuel 

consumed 


per 


Professor Hirsch attributes these sat- 
isfactory results. to the following causes : 
(1) The total heating surface of the boil- 
er is very large compared to the grate 
surface—96 to 1—so that the boiler ab- 
sorbs the heat of the gases very com- 


pletely ; (2) the cylinders of the locomo-, 


tive are very large—according to the late 
M. Marié’s system—so that the grade of 
expansion is high; (3) the locomotive 
was very well looked after, which is an 
important point in economy of fuel. The 
author may also refer to some experi- 
ments made by M. Regray, chief engi- 
neer of the Eastern Railway of France ; 
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new system, giving diagrams at the high- 


est speeds without the errors of the or- 
dinary indicator. M. Regray, on this 
system, takes the diagrams at some dis- 
tance away from the locomotive itself; 
the indicator is in a special van, with 
several dynamometers, speed indicators, 
&e. This van was shown at the Electric 
Exhibition in Paris, and obtained one of 
the highest prizes. 

M. Regray made a few experiments 
on consumption of fuel in express en- 
gines hauling express trains; the result 
was 3.01 lbs. per indicated horse power 
as an average, and 2.48 Ibs. as the mini- 
mum. This isa very satisfactory verifi- 
cation of the author's result, viz., 2.88 
Ibs. per indicated horse-power. It is im- 
portant to notice that these very close re- 
sults have been arrived at by two meth- 
ods as different as they could possibly be. 
The fuel employed in M. Regray’s experi- 
ments was not patent fuel, but ordinary 
small coal from Bascoup, in Belgium. 
These satisfactory results confirm what 
the author’s father always maintained, 
namely, that iocomotive engineers ought 
to use large heating surfaces and large 
cylinders ; he always built his own loco- 
motives by that rule. 

The author has thus endeavored to 
prove that locomotives are not so imper- 
fect as engineers generally believe, as re- 
gards economy of fuel. Assuredly the 
locomotive is a very simple form of en- 
gine; but simplicity is of great impor- 
tance with the very high piston-speed of 
locomotives. That speed, however, is 
very favorable to economy in fuel—con- 
trary to the opinion of some engineers— 
because it diminishes the leakage of 
steam and the condensation of steam 
during admission. A locomotive work- 
ing with a very slow piston speed is not 
so economical as witha high speed. Ex- 
press engines give better results than 
mountain engines, as is seen by M. Re- 
gray’s experiments, where the consump- 
tion attained the very low figure of 2.48 
lbs. per indicated horse-power under the 
best circumstances. 

The author has no intention of imply- 
ing that locomotives will not be improved 
—in fact, he proposes to indicate fur- 
ther on the probable directions of im- 
provement; but before abandoning the 
ordinary system, he thought it would be 


they were made with an indicator on a|interesting to make exact experiments, 
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TABULAR SUMMARY OF EXPERIMENTS. 





Items of experiments. 





Total distance run by train. 
Ratio of resistance on level to weight of train.| 


Difference of level of the two stations........ 


Weight of engine and tender (not loaded). . 
WwW eight of carriages and vans (not loaded).. 
WwW eight of the load on engine and tender 
Weight of passengers and men 

WwW eight of goods.. 


Total weight of train 





} 
( Patent fuel and fagots loaded on| 


‘above atmos-| 


Pressure in boiler ( 
pheric pre ssure). . 
Height of water in boiler (above 


water-line) 


Jean-de 


the boiler at 
Maurienne. 


Before firing 


t. 


> 
= 


( Fuel remaining on tender... | 

| Pressure in boiler ( above atmospheric 
pressure ) 

{ Height in water in boiler (above or 
under water-line ) 

| Depth of water withdrawn from tanks| 

| during the experiment 


After arrival at 
Modane. 


.| Ibs. per sq. in. 


| lbs. per sq. in. | 


18th July. | 20th July. | 21st July. 


| oben Sh 





Patent fuel 
Grand’ 
Combe. 


Patent fuel 
La Chazotte. 


|Patent fuel 
Anzin. 


91,536 91,540 91,540 
1 1 


232.5 232.5 


1,709 1,709 


ratio 
foot 


125,076 
225,285 
24,738 


125,076 
204,800 
21,614 
7,409 
4,575 

| 366,474 





Ibs. 


inch 


1,133 





19.65 
4,49 
19.38 


inch 


inch 





Weight of metal in boiler... 

Capacity of boiler, water being at water-line.| 
Diameter of cylindrical shell 

Total length of boiler 

Distance from water-line to top of boiler 
Horizontal surface of tanks in tender 


44,100 
217.4 
4.92 
22.3 
0.984 
73.59 


44,100 
217.4 
4.92 
22.31 
0.984 
73.59 


44,100 
217.4 
4.92 
22.31 
0.984 | 
73.59 


cubic foot 
foot 
foot 
foot 

square foot 


| 


| 
| 
| 
| 





giving the consumption of fuel per horse- 
power. Comparative tests with the va- 
rious kinds of new locomotives ought 
to be made, and with the same accuracy. 
Unfortunately different drivers, working 
in the same circumstances and with the 
same kind of locomotive, show consump- 
tions of fuel varying by from 10_to 20 
per cent., according to their skill. This 
is a serious difficulty in making such com- 
parisons between various systems of lo- 
comotive. 

Comparison of practical results as to 
consumption with theoretical results.— 


The author will now compare the practi- | 


cal results in consumption of fuel with 
the theoretical results given by thermo- 
dynamics. This will give the measure 
of the improvement which remains to be 
made as regards the economy of fuel. 
ave seen 
that the boiler gives 8.08 lbs. of dry 
steam for 1 lb. of coal, at 128 lbs. per 
square inch pressure. Now, | lb. of 
water at 59 deg. Fah. requires 1169 units 
of heat to make 1 |b. of dry steam at 128 
lbs. pressure. Thus, the boiler absorbs 
8.08 x 1169=9445 units of heat for each 
pound of fuel, whose calorific power is 
14,600 units, as stated above. The efli- 
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TABULAR SUMMARY OF EXPERIMENTS (continued ). 


| 18th July. | 20th July. | 2ist July. 





Items of interest. 
Patent fuel Patent fuel Patent fuel 


Sie Grand’ 
4 4 Combe. La Chazotte. 


Work of locomotive measured at circumfer- 
GHOS GE GEETINE WROEIR, 6.5 oc dicisc cesconscces foot-lbs. | 770,600,000 | 810,100,000 | 705,900,000 
Apparent consumption of fuel s. 1,116 1,286 


Volume of water in boiler........ cubic feet 251.3 252.04 
Temperature of water in boiler...| degs. Fah. 293 261 

Weight of water in boiler lbs. 14,509 14,663 

Units of heat in water British units | 3,436,000 | 2,985,000 2,901. 000 
Units of heat in metal British units | 1,175,000 | 1,012,000 988,000 
Units of heat in boiler, tot: British units | 4,611,000 | 3,997,000 | 3,889,000 


| 
| 
) 
) 
| 
L 


( Volume of water in boiler cubic feet 182.40 223.41 180.64 

| Temperature of water in boiler degs. Fah. 257 261 282 
Weight of water in boiler lbs. 10,637 13,031 10.703 
Units of heat in water sritish units | 2,135,000) 2,652,000 1,885,000 
Units of heat in metal British units | 1,008,000 | 1,024,000 885,000 
British units | 3,148,000 | 3,676,000 | 2,770,000 


Loss in units of heat.... British units | 1,468,000 321,000 | 1,119,000 
Corresponding weight of fuel 155 33 123 
True consumption of fuel 1,271 1,319 1,217 


Consumption of fuel per effective H. P. per 
3.22 3.40 
Consumption of fuel per indicated H. P. per 
hour.. Kee 2.84 2.99 


Weight of water lost by tender s. 7,420 10,449 6.650 
Weight of water lost by boiler , 3,872 1,632 8,949 
Total consumption of water. . ' 11,290 12,081 10,599 
Total consumption of water per Ib. of fuel...| 8.88 9.1 8.68 
Weight of dry steam “— Ib. of fuel ' 8.08 8.32 7.90 
Ash in fuel...... per cent. 6.90 9. 9.60 


Moisture in fuel per cent. 1.00 1.3 1.10 
British units | 14,600 14,400 13,700 


, ahs 9445 causes. Itis remarkable that the total 
ciency of the boiler is, therefore, = 14,600~ loss of heat should be only 35 per cent. 
with so many causes of waste. One of 
the best improvements that can be ap- 
plied to locomotives is the heating of the 
feed water with the exhaust steam. MM. 
Kirchweger, Mazza, Chiazzari, and K6rt- 
ing have designed several apparatus for 
that purpose. None of them have been 
a practical success, but the author hopes 
the want will be supplied before long. 


0.65. That is to say, the boiler utilizes 
in practice 65 per cent. of the heat given 
out by the combustion of the fuel, and 
loses 100—65=35 per cent. This loss 
is due to the following causes: (1) Loss 
of heat contained in the gases escaping 
at the chimney ; (2) loss of heat by con- 
duction to the atmosphere; (3) loss of 
heat by the presence of some little air in 
excess of that needed for combustion ; 
(4) loss of heat by the escape of asmall, Efficiency of the locomotive - boiler 
portion of carbonic oxide not burned in-| and engine together—The quantity of 
to carbonic acid; (5) several minor! work which a steam-engine can theoreti- 
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cally give out for one unit of heat* de- 
pends—(1) On the temperature corre- 
sponding to the boiler pressure; (2) on 
the temperature of the condenser. The 
maximum of work in foot pounds given 
ae is ina 
I" + 461.2 ° 
Here 772 foot-pounds is the sesamin ul 
equivalent of heat; T’ is the temperature 
Fah. corresponding to the boiler press- 
ure; T’ is the temperature Fah. of the 
condenser, which in steam engines with- 
out condensation, is the temperature of 
boiling water; 461.2 is the number of 
degrees below Fah. zero of the absolute 
zero of thermo-dynamics. Applied to 
the present case of the locomotive, the 
356 —212 
= 136, 

356+ 461.2 
say, under such conditions, a 
theoretical steam e ngine would give 136 
foot-pounds of work for one unit of 
heat. In practice we have seen that the 
locomotive gives 1 indicated horse-power 
per hour, or 1,980,000 foot-pounds for 
2.88 lbs. of fuel, giving 2.88 x 14,600= 
42,450 units of heat. Thus the locomo- 
tive—boiler and engine—gives practically 
1,980,000 ~46.6 
“42450 
of heat The efficiency of the loco- 
motive—boiler and engine—is, therefore, 
46.6 ‘ 
—~ =0.35. 
136 

Efficiency of engine alone.—The ef- 
ficiency of the engine alone is clearly 
Se ll 54. That is to say, the 
V.65 
PF. of the locomotive, receiving 
steam and giving out work, gives 54 per 
cent of the work which a theoretically per- 
fect engine should give in the same cir- 
cumstances. The loss of work is 100— 
54=46 per cent. This is due to the fol- 
lowing causes: (1) Loss of work from 
the expansion of steam in the cylinders 
not being quite complete. (2) Throttling 
the steam, on entering or leaving the cyl- 
inders. (3) Back pressure of the steam 
during the return stroke. (4) Imperfec- 
tion of the valve motion. (5) Condensa- 
tion of steam during admission. (6) 
Leakages of steam, and several minor 
causes. Such are the any causes of 


*See “A eed of the Steam Engine and other 
Prime Movers,” by W. J. Macquorn Rankine. Lon- 
don, 1876, p. 343 
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engine proper. 
The resulting efficiency of 54 per cent. is 
assuredly not so good as the efficiency 
of the boiler, whic h is 65 per cent. ; still 
a loss of 46 per cent. is not very re mark. 
able where so many causes contribute to 
produce it. 

Comparison with a Corliss engine. 
The author made a similar investigation 
with reference to a boiler and engine on 
the Corliss system, with condensation. 
The power was measured by an indica- 
tor; the consumption of fuel was also 
measured, and the results were as fol- 
lows: Pressure in boiler, 5.5 atmos- 
pheres ; temperature, 313 deg. F.; press- 
ure in condenser, 0.9 atmospheres ; tem- 
perature, 111 deg. F.; consumption of 
fuel per 1 H. P.,2.01 lbs. per hour; ratio 
of dry steam evaporated to fuel con- 
sumed, 9.5; calorific power of fuel, 
14,500. The efficiency of the boiler and 
of the engine, compared with the theo- 
retical results of thermo-dynamics, has 
been calculated, with the following re- 
sults: Efficiency of boiler, 64 per cent. ; 
efficiency of mechanism done, 53 per 
cent. These results are almost exactly 
the same as with locomotives, which 
give, as we have seen: Efficiency of 
boiler, 65 per cent. ; efficiency of mechan- 
ism, 54 per cent. That is to say, the lo- 
comotive, compared with a theoretically 
perfect locomotive, is quite as good asa 
Corliss condensing engine compared with 
a theoretically perfect engine working as 
a Corliss engine. The author concludes 
that the locomotive is not so bad as en- 
gineers generally believe as regards 
economy of fuel. The general conclu- 
sion is that locomotives are not capable 
of much improvement as regards the 
economy of fuel, unless the pressure in 
the boiler can be increased. When the 
improvements in material and construc- 
tion will allow the use of higher press- 
ures, then a notable economy will be 
easily obtained in proportion to the in- 
crease in the value of the expression 

T,—T 

1 2 
T,+461.2 
considers it will be necessary to employ 
compound cylinders, or more complicated 
valve gear in order to obtain the best 
utilization and highest expansion of the 
steam. In concluding this paper, he 
wishes to add his tribute of admiration 
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done so much for the existence and im- 
provement of railways. To George 
Stephenson we owe the locomotive in 
its present form, the excellence of which, 
as regards the economy of fuel, is still 
worthy of admiration, while another 
eminent English engineer, Mr. Webb, is 
now carrying out a remarkable. series of 
experiments, with the view of bringing it 
to its greatest possible degree of perfec- 
tion. Having received from Mr. Webb 
himself details of his compound locomo 
tive, which he has also had the pleasure 
of seeing at Crewe, the author is led to 
add here the few observations that have 
occurred to him in regard to this new 
kind of locomotive. If the boiler press- 
ure be not higher than in ordinary loco- 
motives, the author thinks the economy 
of fuel cannot be greater in the com- 
pound engine than in the best ordinary 
locomotives. With the ordinary boiler 
pressure of 9 atm., or 135 lbs. per square 
inch, the ordinary valve gear gives ex- 
pansion enough, provided the cylinders 
be large enough, which is not always the 
case. The compound system lessens the 
injurious effect of the clearance spaces, 
and also diminishes the condensation of 
the steam during admission; but these 
two advantages are neutralized by the 
disadvantage of the steam being throttled 
in its passage from the first cylinder to 
the second, especially at high speeds. In 
other words, the consumption of fuel in 
a compound engine could not, in the au- 
thor’s opinion, be much lower than that giv- 
en in the present paper, the boiler pressure 
being the same. This point would be read- 
ily settled by a few experiments on the 
consumption of fuel per horse-power per 
hour in the compound locomotive, includ- 
ing lighting up. The particular locomo- 
tives of ordinary class, with which the 
compound engine has been compared by 
Mr. Webb, appear to the author to be 
somewhat too heavily loaded for the best 
economy, their cylinders being smaller 
than those of the express locomotives 
on the Paris and Lyons Railway, which 
have cylinders of 19.7 in. diameter, and 
24.4 in. stroke, with 6 ft. 6 in. driving- 
wheels. Fuel being very expensive on 
this line, the author’s father always made 
his engines heavy, but very economi- 
cal; and these express engines, which 
were designed by him and built at the 
works of the Paris and Lyons Railway, 
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and of Messrs. Sharpe, Stewart & Co., 
are some of the most economical loco- 
motives there are. The author has, in- 
deed, made experiments, in which—on 
the same kind of line, and at the same 
speed, and with the same total weight 
of train—the consumption of fuel was 
almost exactly the same as in the latest 


‘experiments with the compound locomo- 


tive; but he cannot look upon such a 
comparison as of great value, because it 
is impossible to estimate precisely the 
difference of circumstances in the two 
cases. The further experiments he has 
suggested with the compound engine 
seem, therefore, to be needed for a fair 
comparison. In his own experiments 
the author has found 9 atm., or 135 Ibs. 
per square inch, to be the maximum 
boiler pressure for obtaining good ex- 
pansion with ordinary valve gear and 
with cylinders of ordinary size. With 
higher pressures, either better valve gear 
must be employed, or the compound sys- 
tem; and the latter is considered de- 
cidedly preferable by the author, who has 
shown that great economy of fuel can be 
obtained with a higher boiler pressure. 
In the compound locomotive the boiler 
is very light and very strong; and the 
author looks forward to the pressure of 
steam being yet further increased dur- 
ing the next few years, without making 
the engine too heavy for the rails. It 
will then be a necessity to adopt the com- 
pound system for obtaining good expan- 
sion; and the compound locomotive, 
without being too heavy, will then un- 
questionably be much more economical 
than ordinary engines could be, and will 
be well adapted for high speeds. Goods 
engines of the ordinary kind are not so 
economical in consumption per horse- 
power per hour as express engines; and 
the author anticipates, therefore, even 
better results from the compound system 
in goods engines than have been obtained 
with express locomotives. The com- 
pound system with yet higher boiler 
pressure, will thus, in his opinion, turn 
out to be the greatest improvement in 
locomotives since the time of Stephen- 
son. 


NEW first-class Thornycroft torpedo boat, 
for the German Government, made the 
passage to Kiel, from London in fifty-two hours. 
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STORAGE BATTERIES. 
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Tue importance and desirability of an 
efficient and economical storage battery 
have been very widely recognized, but it 
is at the present time pretty generally 
felt that no existing form of storage bat- 
tery is perfect, and that they are on the 
whole extravagant and wasteful to an ex- 
tent sufficient to more than compensate 
for their undeniable convenience. It is 
perfectly certain that their employment 
has not become at all general, and that 
they have failed to realizethe somewhat 
sanguine hopes of their early promot- 
ers. 

It seems worth while to examine into 
the causes of this partial failure, and to 
inquire how far the evil opinion held by 
many practical men concerning our pres- 
ent method of storing electrical energy 
is justifiable. 

One of the main objections is that 
storage involves a loss of some 50 per 
cent. of the whole. Now all methods 
of storing and transmitting energy in- 
volve some loss. To say that any par- 
ticular method involves a loss of 50 or 
even 90 per cent. is not to condemn it 
utterly. There are many cases when 
the convenience of storage outweighs 
the evil of waste altogether; three prin- 
cipal ones may be specified. 

(1) When the power of the source 
would be otherwise so completely wasted 
that every fraction of it stored is clear 
gain. This is the case of much terrestrial 
water power. The energy of the tides or 
of Niagara is enormous, and wholly 
wasted so far as human activity is con- 
cerned ; if 50 or even 10 per cent. could 
be stored in such a way as to be conve- 
niently available, it would be of consider- 
able value, and any arrangement capable | 
of effecting this storage could only with | 
injustice be stigmatized as wasteful. The | 
solar energy of the Carboniferous epoch | 


has most of it been wasted; but a small 


fraction—probably not a millionth per| 


ceat.—has been saved and stored in the 
Coal-measures. It is possible to abuse 
the coal for not having stored more, but | 
we find it a useful modicum neverthe- | 
less. 


Nature.” 


(2) A second case when the advantage 
of storage over-balances the loss is when 
regularity and continuity of supply is 
needed, and when the source is irregular 
and fitful. Wind and wave power illus 
trate this kind of source; it is manifest 
that wind power has not been so largely 
used as it would have been, had it been 
steady and dependable. A _practicabl: 
method of storing up its energy and 
giving it out as wanted would gradually 
cause it to be very largely employed. 
This case is also illustrated faintly by a 
gas-engine or jerky motor of any kind, 
and the regularity and dependableness of 
a storage cistern may very well make it 
desirable to put up with some waste pro- 
vided it be not excessive. Mechanical 
devices for approximating to regularity, 
such as the use of slack driving belts, 
undoubtedly give rise to a waste of 
power, and so does any form of regulator. 
But in the utilization of artificial forms 
of power like this, questions of economy 
become almost pre-eminent ; and wasteful- 
ness is here a most serious objection, and, 
it may be, prohibitive defect. At the 
same time, if the engine is liable to stop, 
or if it is not always working, some mode 
‘of storing energy may be absolutely nec- 
essary, whether wasteful or not. 

(3) Another case, and to some extent 
the converse of the last, is when the 
available source is weak, though con- 
tinuous, while the power is only needed 
for a short time, but during that time is 
required to be great. This is exemplified 
in the operation of pile-driving, where 
energy is stored in the slowly-raised 
weight to be suddenly expended on the 
head of the pile, also in the operation of 
drawing a bow; or again, when a small 
waterfall or steam-engine, running con- 
tinuously, is to be utilized for lighting 
during five or six hours each day; the 
obviously right plan in such circum- 
stances as these is to store the energy 
during the hours it is not wanted, and 
thus virtually to double or treble the 
power of the source while it is actually 
in use. Unless, however, the loss occa- 
sioned by storage were reasonably small, 
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there would be but small gain in attempt- | 
ing the process in this third case. 

It is plainly advantageous to devise a 
method of storing that shall give out 
the greater part of what is put in; but| 
we see by these examples that a reason- | 
able loss may be more than compensated | 
by convenience, regularity, availability 
and dependableness. Again, when en-| 
ergy has to be transmitted over great | 
distances, it is in practice difficult or 
impossible to make the expenditure of 
energy at one end depend upon and be 
regulated by its consumption at the 
other; and so, without some system of | 
storage, great waste will ensue during 
intervals of small consumption. Look-| 
ing to the immense development which | 
the transmission of energy may be ex 
pected to undergo in the course of the 
next few decades, a convenient and man- 
ageable method of receiving large quan- | 
tities of transmitted energy, and of hold- 
ing.it in readiness until wanted, must be 
of prime importance. 

It was in view of such applications as 
these that the invention of the storage | 
by Faure was hailed with enthusiasm by 
the highest scientific authority in Great 


Britain; while the public, jumping to| 
|certainly great steps towards it have 


the conclusion that a thing for which so| 
many uses could be instantly found must 
needs be a profitable investment, hast- 
ened to provide money, not for com- 
menecing careful experiments and _per-| 
fecting the arrangement, which would | 
have been wise, but for manufacturing 
tons of apparatus in its first crude, im- 
mature, and untried form. Some day it| 
may perhaps be recognized that because | 
it can be shown that a thing will be ex-| 
tremely useful when perfect it does not | 
follow that it has already attained that | 
perfection, that indeed probabilities based 
on historical developments are enor- | 
mously against such abnormal and in-| 


| been made. 


turing difficulties. By scientific diffi- 


| culties we mean such as the determina- 


tion of weak points, the best ways of 
strengthening them, and generally the 
discovery of theoretically the best modes 
of effecting the object in view; manu- 
facturing difficulties begin with questions 
of expediency and economy—how most 
cheaply and satisfactorily to carry out 
the indications of theory, to obtain this 
or that material—and include the organ- 
ization of a system of manufacture, of 
division of labor, of machine tools, which 
shall enable the work to be done with 
economy, security and despatch. Over- 


|haste in the preliminary stages causes 


both these sets of difficulties to be 


| tackled together, and so throws a griev- 
ous burden on both adviser and manager. 
| All 


'storage batteries experienced; and to 


these untoward conditions have 
say they have not fulfilled the hopes of 
their early promoters is no more than 
to say that those hopes were untimely 
and unreasonable, The period of ma- 
turity has been undoubtedly delayed by 


injudicious treatment, but its ultimate 


| attainment seems to us inevitable; and it 


is at present a matter of opinion how 
nearly it has already been reached— 


Let us inquire what some 
of the difficulties encountered have been, 
and it will be seen that, formidable as 
some of them are, they belong essential- 
ly to an infantile stage, and are not sug- 
gestive of constitutional debility. 

The first form of manufacture con- 
sisted in rolling up sheets of lead and 
composition, with trousering to keep 
them separate. The difficulties found 
were that the coatings would not ad- 
here, but became detached in large 
flakes; that the trousering got corroded 
through and permitted short circuiting ; 
and that free circulation of fluid being 


stantaneous maturity, and that the care- | impossible, the acid became exhausted 
ful nursing and rearing necessary to|in some places and concentrated at others, 
healthy maturity are better given in the|and thus every sort of irregularity be- 
seclusion of laboratory and study than| gan. Now regularity or uniformity is of 
in the excited and heated atmosphere of | the most vital and fundamental import- 
the Stock Exchange. It is doubtless| ance in any form of battery. If any part 
recognized already that all preliminary | of a plate is inactive, that part is better 
operations are better conducted on a/ away; if any plate in a cell is inactive, it 
scale smaller than the wholesale manu-| is better away; and if any cells of a bat- 
facturing one. In developing a new | tery are inactive, they are infinitely better 
industry there are scientific difficulties| away. The rolling or coiling up of the 
to be overcome, and there are manufac-| sheets being found awkward in practice 
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and liable to detach the coatings, flat 
plates came to be used, then perforated 
plates, and then cast grids; these last 
having such large hole space that they 
held enough composition, and held it se- 
curely enough, to enable the trousering 
or intermediate porous material to be 
dispensed with. ‘This was an evident 
step in advance: free circulation of the 
liquid became possible, and could be as- 
sisted by stirring; there was nothing to 
corrode except the plates themselves, 
and the composition, being in the cells 
or holes of the grid, might be reasonably 
expected to adhere. So far expectation 
was not altogether belied. The adhesion 
was not perfect, it was true, and pieces 
of composition sometimes fell out of 
the holes, especially if too powerful cur- 
rents were passed through the cell, but 
still it was much better than it had been; 
and if the plates were well filled, prop- 
erly formed, and fairly treated, the com- 
position adhered extremely well and se- 
curely. The circulation of the liquid was 
not automatically perfect either, but me- 
chanical agitation could be readily ap 
plied; without it the acid near the bot- 
tom of the cells tended to become more 
concentrated than that near the top, not by 
reason of gravitation undoing diffusion, 
which is impossible, but because during 
each charging fresh acid is formed, and 
in great part falls to the bottom in visible 
streams. Another great advantage was 
‘that some amount of inspection of the 
plates became possible, and experience 
as to the actual behavior and appearance 
of the plates, began to be accumulated. 
And painfully varied that experience 
was. Every variety of extraordinary be- 
havior which could be suggested as prob- 
able, and a good many which no one 
could possibly have imagined beforehand, 
made their appearance. The hundreds 
of tons of batteries made at this period 
doubtless enabled these unpleasant ex- 
periences to be more rapidly acquired 
than would have been done on a small 
scale, but it was a costly series of experi- 
ments. However, the experiments were 
made, the public involuntarily assisted 
in the acquisition of experience, and, car- 
ing less for knowledge than for market- 
able commodities, they expressed dis- 
satisfaction at the result. Many of these 
incipient difficulties are now overcome by 
the manufacturers, but the great dislike 
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of the public to involuntary experiments, 
and the shock which their confidenc: 
underwent on being unexpectedly called 
upon to participate in research, have not 
yet altogether abated. 

The main difficulty now experienced 
was how to keep the plates from touch- 
ing. They might be put in wooden 
frames, or elastic bands might be 
stretched round each of them, and if 
they would only keep flat it was impos 
sible they should touch unless the com- 
position should drop out of the holes. 
Sometimes the composition did drop out 
of a hole, and bridge across the interval 
between two plates, but the more com- 
mon and more fatal experience was that 
the plates would not keep straight. In a 
few months the positives were found to 
swell, and as they swelled to buckle—to 
buckle and twist into every variety of 
form, so that elastic bands, wooden 
frames, and every other contrivance failed 
altogether to prevent short circuiting. 
The cause of the buckling is, of course, 
irregular and one-sided swelling, and the 
sause of the swelling is apparently the 
gradual peroxidation and sulphating of 
the material of the bars of the lead grid, 
which occupy less room as metallic lead 
than as oxide or salt. As the bars swell, 
they press on the inclosed composition, 
occasionally driving it out, but more fre- 
quently, and with properly made and treat 


ed plates universally, distending them 


selves and stretching the whole medial 
portion of the plate. ‘he edge or frame of 
the grid is stronger than the middle bars, 
and is not so easily stretched ; in a good 
and uniformly worked plate it does stretch, 
and an old positive plate is some quarter 
of an inch bigger every way that a new 
one, but if one face of the plate is a 
trifle more active than the other, it is very 
plain that the most active side will tend 
to become convex: and buckling once 
begun very easily goes on. To cure it 
two opposite plans have been tried: one 
is to leave the plates as free and uncon- 
strained as possible, hanging free, it may 
be, from two points, thin, and with crink- 
led or crimped margins to allow for ex- 
pansion ; the other is to make them thick 
and strong, with plentiful ribs for stiff- 
ness, and besides to clamp them up one 
to another as tightly as may be, and thus 
in mechanical ways to resist buckling and 
distortion. I do not know that any one 
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could say for certain beforehand which 
of these two plans would be likely to 
answer best, but practice is beginning to 
reply in favor of the latter, and well 
braced plates of fair thickness show no 
unmanageable tendency to buckle. It 
must be remembered that no material 
can buckle with a force greater than 
that necessary to restore it to flatness, 
and this force in the case of lead is very 
moderate. Hence it may be fairly hoped 
to overcome and restrain all exuber- 
ances by suitable clamps and guides ar- 
ranged so as to permit flat and even 
growth, but to check all lateral warpings 
and excrescences. 

Uniformity of action is still essential, 
especially if all the plates in a cell are 
clamped together. Plates mechanically 
treated alike ought to be electrically so 
treated also, and it is impossible to keep 
a set of plates working satisfactorily to- 
gether unless the contact of each is 
thoroughly and equally good, so that 
each may receive its fair share of cur- 
rent. Defects of contact have been a 
fruitful source of breakdown and irregu- 
larity. Clamps and screws of every 
variety have been tried, but the insidious 
corroding action of nascent oxygen ex- 
erted through the film of acid which by 
spray and creeping forms and concen- 
trates on the lugs—this corroding action 
crawls between the clamped surfaces, 
gradu lly destroys all perfect contact, 
and something produces almost complete 
insulation. Contacts on the negative 
plates give but little trouble ; contacts on 
the positives have taxed a great amount 
of patience. Lead contacts “burned,” 
i. é., melted, not soldered on, are evident- 
ly less liable to corrosion than brass or 
copper fittings, or than any form of 


‘ 
c 


clamp, but they are apt to be somewhat | 
clumsy if of sufficient conductivity, and | 
moreover they are awkward to undo| 


again, and somewhat troublesome to do. 
However they have proved themselves so 
decidedly the best that now no other 
contacts will be used, and their re-intro- 
duction has been followed by a marked 
improvement in the behavior of the cells. 
So long as contact with one plate was 
better than with another, a thing quite 
possible to happen without any differ- 
ence being perceptible to the eye, so long 
was it possible for one or two plates to 
remain almost wholly inactive while an- 
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other one or two received far more than 
their share of current, and became dis- 
tended, warped, overcharged and ulti- 
mately crumbled away. If one or two 
plates in a cell are black, and giving off 
torrents of gas, while the rest are brown 
and idle-looking, it is pretty fair evidence 
of irregular and insufficient contact, or 
else of some great discrepancy in the age 
or make of the plates. This point also 
is one that was not attended to in the 
early stages of manufacture; plates were 
made for stock, and cells were made up 
with plates of all ages selected at ran- 
dom from the store. Directly uniformity 
is perceived to be essential, this is rec- 
ognized as obviously bad. Plates in- 
tended to work together should be of the 
same age and make, and inasmuch as 
keeping does not improve them, the best 
plan is not to make for stock, but to keep 
material ready, and then quickly make 
up as wanted. Plates in work deteriorate 
slowly, but they are wearing out in the 
fulfillment of their proper function; 
plates in idleness deteriorate as quickly, 
and they are rusting out in fulfillment of 
no function at all. Worn-out plates, 
however, are by no means valueless. 
Lead material has a_ well-recognized 
price, and if attention were given to the 
subject, it is probable that decrepit and 
useless plates might be made to yield a 
very large percentage, if not the whole, 
of their original lead. For it must be 
remembered that plates deteriorate not 
by waste but by accretion: an old plate 
contains as much lead as a new one, but 
it contains it with the addition of oxygen 
and sulphion; no longer a tenacious co- 
herent frame, but a crumbling mass of 
incoherent powder. 

The age of plates is a point of vital 
interest, though but little is known as to 
the possibilities in this direction at pres- 
ent. A year may be regarded as a fair 
| average age at the present time ; but this 
lis a low rather than a high estimate. 
| Thick plates are found to last far longer 
|than thin, which is only natural when it 
|is remembered that the wearing out is 

due to corrosion, that corrosion proceeds 
mainly from the surface inwards, and 
that the internal portions of a thick plate 
are toa great extent protected by the 
{mass of superincumbent material. If it 
'can be shown, as we understand it can, 


| (1) that the cost of materials is far more 
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than the cost of manufacture; (2) that 
the worn-out material has a market value 
not incomparably less than the original ; 
and (3) that the frequency with which 
plates have to be renewed is not such as 
to cause much inconvenience; then we 
hold that the first stage of the durability 
difficulty has been overcome. Much 
more may be hoped for in this direction 
as experience increases, and it is not ex- 
travagant to hope that a well-ribbed, 
properly-clamped, and fairly-treated thick 
plate may last as long as five years be- 
fore it becomes disintegrated. 

It is evident, however, that in a region 
where pure experiment is pre-eminent, 
and where the units of time are months 
and years, instead of hours and days, the 
accumulation of experience is a slow and 
tedious process. It is no use making 
statements involving periods of five 
years when no one has had the present 
improved form in use for so much as six 
months. Nevertheless it is possible to 
see that the present cells are better than 
their predecessors ; and as their prede- 
cessors have lasted in good condition 
for a year and more, it is not presumptu- 
ous to indulge in well-founded hopes. 
Many of the difficulties connected with 
the early forms of battery were aggra- 
vated by Utopian notions concerning in- 
ternal resistance and compactness. The 
internal resistance of a cell was so beauti- 
fully small, that the manufacturers were 
tempted to diminish it still further by 
putting the plates far too close together. 
An eighth or tenth of an inch interval is 
well enough if the plates had been hard 
rigid slabs of perfect flatness ; but it was 
madness to pack flexible lead plates full 
of composition certain to swell and liable 
to drop out so near together as this. 
Security and dependableness were sacri- 
ficed to a natural desire for sudden and 
Utopian perfection. We may hope that 
these lessons have been profited by, and 
that the manufacturers perceive that con- 
fidence and security are the first condi- 
tions of success, and that minutiz as to 


the number of noughts before the sig-. 


nificant figures in the specification of re- 
sistance begin, though those also are of 
importance in their turn, are yet of 
quite secondary consideration. Moreover, 


this packing of the plates so closely did | 


not really do much to secure the result 
desired ; the greater part of the resist- 


ance of half run-down cells is not in the 
liquid between the plates, but in the sur- 
face or scum separating each plate, and 
especially each negative plate. from the 
liquid, and hence putting the plates a safe 
distance, say a quarter or one-third of an 
inch apart, exerts an effect on the total 
resistance which is certainly far more 
than compensated by the ready oppor- 
tunity thus ufforded for access by both 
sight and touch. The old opaque boxes 
chock full of plates, with slight india- 
rubber bands between them, were started 
and left to Providence. No one could 
see what went on, nor could one readily 
get at anything to rectify what was 
wrong. In the present glass boxes 
properly arranged on accessible shelves 
with only plugs or studs between the 
plates, clear vision through the cell in 
any direction is easy, and accidental ob- 
struction not only very seldom occurs 
but if it does it can without difficulty be 
seen and removed. But it must be 
granted that these boxes are less com- 
pact than their predecessors, and for 
some purposes, such as locomotion, com- 
pactness is of the first importance. Most 
true, for some purposes. It is not to 
be supposed that one type of cell will 
answer every possible demand. A dy- 
namo to be highly efficient must have a 
large and massive field magnet, but in 
some places bulk and weight are fata] ob- 
jections, and in these places smaller and 
more compact dynamos may be more 
suitable: something, however, must be 
given up to secure the required lightness 
and compactness, some sort of compro- 
mise must be effected. Just so with cells: 
we can point out what is theoretically 
the best form, and this form may, for 
large stationary electric light or power 
installation, be actually the most suit- 
able ; but we may also see that for boats, 
for tramcars, and for fish torpedoes, some 
very different and far more compact form 
may be quite essential. 

Efficiency, durability, economy, com- 
pactness : it may not be possible to attain 
all these at once—if it were, there would 
be small room for discussion—but some- 
times one and sometimes another will be 
the pressing necessity, and manufacturers 
of storage batteries, like manufacturers 
of dynamos, must be prepared with 
forms suited to various needs. 

We have spoken mainly of difficulties 
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connected with the positive plates, and 
have said nothing concerning the nega- 
tives. Itis not that these are not sus- 
ceptible of improvement, but their faults 
have been of a less imperious and ob- 
trusive nature. They are not perfect, 
but they do fairly well, and there has 
been little need to worry much about 
them, until the extraordinary behavior of 
positives had been taken in hand 
and checked. The time is coming to at- 
tend to these also. ‘They fail not from 
exuberance, but from inertness. As they 
grow old, they do not swell, and warp, 
and burst, and crumble, like the positives, 
but they grow quietly hoary, and serene- 
ly decay. The composition in a worn- 
out negative consists of white sulphate 
through and through, but the frame re- 
mains intact, and it consequently never 
falls to pieces, nor does it swell. Im- 
purities in the acid used tell upon a nega- 
tive plate—nitric acid is fatal. Acid 
much too weak or very much too strong 
is also deleterious, and idleness is bad. 
The difficulties connected with negatives 
mostly depend on their aggravating 
property of always requiring a quite op- 
posite treatment to positives. The less 
a positive is formed and overcharged the 
better. A negative delights in complete 
formation and frequent overcharge. In 
recognition of this it is now customary 
to form them separately, and to give the 
negative a thorough dose of hydrogen 
without commencing the corrosion of the 
positive by an overdose of oxygen. When 
the discharge from a cell begins to flag, 
it is the resisting scum of sulphate that 
has formed over the negative plate which 


is responsible for the flagging. The true’ 


E.M.F. of a cell is wonderfully constant 
throughout the whole discharge ; but the 
internal resistance is all the time increas- 
ing, at first very slowly, ultimately, to- 
wards the end, with a rush. One such 
run-down cell in the midst of a lot of 
others, therefore obstructs the current 
terribly. If only aseries of cells could 
with certainty be made to work together 
uniformly, if a series could behave as 
well as some of the cells in it, no one 
would have cause to complain. 

Through the whole history of the 
manufacture, from the very-beginning, a 
few cells here and there have always ex- 
hibited astonishing efficiency ; the aim of 
manufacturers may be said to be to bring 


all cells up to the level of a few. Much 
progress in this direction has been made, 
and it may be very fairly expected that, as 
uniformity is gradually attained, a series 
of cells subjected to the same treatment 
may behave in the same manner. When- 
ever this is certainly accomplished, there 
will have been reached a high stage of 
efficiency, beyond which further progress 
need be only in the improvement of 
comparably insignificant minutiz. 
The subject of the electrical storage 
of energy is really one of national im- 
portance; it is comparatively a small 
matter whether this or that form of 
storage, or this or that company of manu- 
facturers, succeeds in bringing out the 
permanent form. It sometimes unfortu- 
nately happens that enterprising pioneers 
only clear the way, and retire just in 
time for other men to come in and reap 
‘the fruits of their labors. So much capi- 
tal and so much labor have been already 
expended in the effort to bring storage 
batteries to perfection, so great progress 
has been made, and so apparently small 
are the steps which yet remain to be 
accomplished, that we may surely fairly 
hope that some of the original believers 
in their great, and as it seems to us in- 
evitable, future may yet live to see their 
faith justified and their patience reward- 
ed, and may even taste some of that so- 
salled “substantial” reward without the 
hope of which great commercial enter- 
prises would never be undertaken, and 
modern civilization would have scarcely 
yet begun. 
—- ” 
ole following is from a German patent, No. 
20,939, for a method for the manufacture 
of artificial gutta-percha: About 50 kilos. of 
powdered gum copal, and from 7} to 15 kilos. 
of flowers of sulphur are under continual agita- 
tion heated in a boiler with double the quantity 
of turpentine or with from 55 to 62 liters of 
petroleum to a temperature of 126 to 150 deg. 
C. till completely dissolved. The mixture is 
then allowed to cool down to about 38 deg. 
C., when a solution of 3 kilos. of caseine is 
added, the latter being dissolved in weak am- 
monia with the addition of a small quantity of 
alcohol and wood spirit. The mixture is now 
heated for a second time to the same tempera- 
ture until it assumes the consistency of a thin 
fluid. It is then boiled with a solution con- 
taining from 15 to 25 per cent. of tannic acid 
—galls or catechu—to which $ kilo. of am- 
monia has been added. After having been 
boiled for several hours the mass is allowed .to 
cool, washed with cold water, and kneaded 
out in hot water. After this treatment it is 
rolled out and dried. 
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NOTES ON THE CONSTRUCTION AND EQUIPMENT OF 
NARROW-GAUGE RAILWAYS. 


By A. L. REED, Chief Engineer P. H. & N. W. R. R. Port Huron. 


Transactions of the Michigan Association of Surveyors and Civil Engineers. 


Wuewn asked by the committee to pre- 
pare a paper on narrow-gauge railways I 
consented; but, on 


as to cost, that will not apply equally 


well to any railway, that I will simply | 
note a few points on their construction 


and equipment in general, and then give 
you, somewhat in detail, the various 
items of cost particularly applicable to 
narrow-gauge roads, hoping they may be 
at least interesting to the members of 
the association, though I do not think 
they will be particularly instructive to 
those whose experience is iargely in rail- 
road work. 


need not allude to, except to refer you to 
the able paper on the subject read by Mr. 
Hodgman at your last meeting. 


treatment applies as well to roads of one 


gauge as another. I will say, however, 


that curves and grades on narrow-gauge | 


roads are just as objectionable as on any 
road; althuugh sharper curves may be 
used, they should be avoided as much as 
possible. 

Supposing our location to be com- 
pleted, and grades established, we are 
ready to proceed with construction work ; 
we will also suppose that the contract is 
drawn in proper form and the work let, 
subject to the proper specifications, as 
we are dealing more directly with the 
work of the engineer and the contractor. 


Clearing and Grubbing—The first | 


work to be done is the clearing of the 
right of way and grubbing for the road 
bed; clearing should be done the full 
width of the right of way, whatever that 
may be, and all the logs, brush, and 
perishable matter be piled and burned, 
so as to be out of the way of the work- 
men as well as the contractor; as in- 
stances have been known where contract- 
ors have been tempted at least to use the 
logs, stumps, etc., lying along the right 
of way, for making the road-bed, which is 
not desirable except in special cases. The 


looking over the | 
subject, I find so little to be said, except | 


His | 


|for use in clearing, notes of stations be- 
|tween which grubbing should be done, 
and width of grubbing, so that he may 
do no useless work and may do grubbing 
in connection with clearing, as a standing 
tree is much easier to grub out than a 
stump. All stumps and grubs should be 
taken out where the sub-grade line is 
within two feet of the surface, also on 
all cuts. Where the fill exceeds two feet 
low chopping will suffice, and in fills of 
four or more feet, stumps of .ordinary 
height are not very objectionable and 
may be left standing, except where they 


are very large and decayed, when they 


| should be removed. 
Location.—The question of location I | 


Cross-Sectioning.—Clearing and grub- 
bing completed, the engineer is ready to 
do his cross-section work, which consists 
in putting in stakes every 100 feet, or 
oftener if the surface of the ground is 
uneven, which stakes are set one in the 
center and one at the edge of each slope. 
Each stake should be plainiy marked on 
one side with the number of the station 
at which it stands, and on the other with 
the cut or fill to sub-grade at the point 
where it stands. They should be set 
uniformly, the center stakes exactly on 
the center line, with the station number 
facing the backward direction of the line, 
and the slope or side stakes set at right 
angles to the line even with the center 
stakes, with the cut or fill facing the line. 
On uneven ground, plus or partial sta- 
tions should be put in in the same man- 
ner as the regular stations, and the full 
station number should be put on each 
plus stake ; thus a cross-section midway 
between stations 79 and 80 should be 
marked not simply +50 but 79+50. A 
little care in this direction will save a 


|great deal of annoyance and time in 


subsequent work when stakes are knocked 
down by careless workmen and have to 


| be replaced, possibly when the notes are 


not at hand. At every point where the 
grade and surface lines cross, there 


| should be set a grade stake marked 0.0 


engineer should furnish the contractor, | or grade; this should be done not only 





at the center but on each slope, and the 
plus station at which each occurs care- 
fully noted. 

Each cross-section should be carefully 
recorded in a cross-section book: 
usual form being to place the center cut 
or fill in a central column, and left and 
right slopes in a column at left and right 
of the center in the form of fractions, 
with the cut or fill as the numerator, and 
the distance out from the center line as 
the denominator, with their respective 
signs, plus for cut and minus for fill, 
thus: 

L. 
—2.0 
9.0 


R. 
+ 3.6 


“13.4 


showing a cut of 3.5 at the center, 
a cut of 3.6, and a distance out of 
13.4 on the right and a fill of 2.0 with 
a distance out of 9.0 on the left. These 
distances apply to a road-bed of 12 feet 
on fills and 16 in cuttings with a slope 
of 14 tol. 

Experience has proved that there is no 
economy in building narrow road-beds. 
We commenced on the Port Huron and 
North-western Railway by making fills 8 
feet at sub-grade and cuts 12 feet; then 
we widened banks to 9 feet; on our next 
work we made banks 10 feet and cuts 14, 
and now build banks 12 feet and cuttings 
16 feet, which are none too wide, and are 
found to be more economical in the 
end. 

As I believe the papers which are read 
from time to time before this association 
are intended to be of practical use to the 
members, rather than finished literary or 
scientific productions, let me give what I 
consider the best method of doing cross- 
section work. I have noticed that begin- 
ners almost universally use the cumbrous 
method of figuring out each station by 
itself from the height of instrument and 
grade height, a tedious as well as un- 
necessary work. First, set your level 
firmly, and in such a position as to com- 
mand a good view of your work; bring 
it to a level, and take from the nearest 
bench mark a reading, which add to your 
bench height to give you the height of 
instrument. Now, from your cross-sec- 
tion book, note the grade of the station 


at which you propose to commence your | 


work. The difference between your in- 
strument height and grade height will be 
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'the reading of your rod at that station 
held at grade, and the difference between 
it and the actual reading at the point will 
be the cut or fill at that point 

To illustrate. Your bench-height is 
80.10 ; your rod on bench mark reads 
5.08, making height of instrument 85.18 ; 
your grade height at station 79 is82 00; so 
your rod held at grade at station 79 should 
read 3.18. But suppose it actually reads 
5.30; then your fill is 2.12; if it reads 
less than 3.18 you have a cut. If you 
are working on a level grade, all your 
grade readings will be the same, and 
you have no trouble ; but if, for example, 
you are working on a down-grade of 26.4 
feet per mile, add to your rod 0.5 for 
each station, which would give you 3.68 
at station 80, and the difference between 
that and the actual reading will give you 
the cut or fill. ‘Then you can keep on 
adding to or subtracting from your rod 
reading at grade the change for each sta- 
tion, and work from rod readings at grade 
entirely, paying no attention whatever 
to your height of instrument or grade 
height until ready to move your instru- 
ment, when you begin over again. In 
this way one can soon become so familiar 
with the work that he can call off and 
record his work as fast as a rodman and 
two smart men can measure the dis- 
tances, mark and drive the stakes. 

In cross-sectioning at changes of 
grades, especially when the changes are 
abrupt, vertical curves should be put in, 
extending from 1 to 3 or 400 feet each 
way, so as to avoid bringing the con- 
necting grades to a point. ‘lhis intro- 
duction of vertical curves is very little 
extra trouble in connection with the other 
work and should not be neglected. It 
is also advisable, though not a necessity, 
to put in at each regular station, where 
fills are. to be made from side ditches, 
berm stakes the specified distance out 
from the slope stakes, as workmen are 
less liable to cut away the berm if 
stakes are driven for them to work to. 

Earthwork. — Cross-sectioning being 
done at any given point, the work of 
grading may be commenced. I have 
known of grading being begun without 
any cross-section work, or even the cen- 
ter stakes being in, but cannot say it 
was a success. Fills should be made 
| from the adjoining excavations within an 
economical distance for hauling, which 
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distance varies with circumstances. The 
embankment should be carried up uni- 
formly from the bottom from full width, 
so as to prevent sliding or uneven set- 
tling. Fills made from cuts by the use 
of dump-cars can be carried up uniform- 
ly by shifting the track as may be re- 
quired; where fills are made from side 
ditches the latter should be taken out 
continuously so as to make clear water- 
ways where necessary. The usual slope 
given to ordinary earthwork of sand, 
clay, or loan, is 14 feet horizontal to 1 
foot vertical, although varying circum- 
stances may make a greater or less slope 
desirable. In cuts, the slopes should be 
smoothly dressed and uniform; in each 
eut, however small, there should be side 
ditches to carry off the rain-water, or that 
which soaks in from the sides; the 
ditches should have a surface width of 
one-half the difference of the width of 
cut and fill at sub-grade, leaving, as it 
were, an embankment through the cut, 
so that, when the earthwork is completed, 
the grade presents an unbroken surface 
of uniform width. Itis not always ad- 
visable during the process of construc- 
tion to take out cuts to the full width, or 
even down to sub-grade; when the ma- 
terial may be used for ballast the cut may 
be gulleted or taken out just wide 
enough to admit the passage of a train, 
and with slopes of 4 to 1, or even steeper, 


if the material will allow, and the re-’ 


mainder of the cut taken out with trains. 
In certain cases it is advisable to build 
narrow banks at first, to be widened 
later on. 

Across all swamps and marshes sound- 
ings should be taken to determine the 
nature of the ground and the depth to 
firm bottom, and, in case the foundation 
is not good, some means should be taken 
to improve it. Where it is not too soft 
or too deep, a good method is to cordu- 
roy with timber laid cross-wise of the 
road-bed with brush thrown on; the 
length of the timber necessary may be 
judged from the nature of the ground 
and the weight of embankment to be 
built. In some cases it is necessary to 
drive long piling, and some swamps are 
so deep that it is almost impossible to 
build across them with any reasonable 
expense , such places should be avoided 
if possible. Across some swamps and 
marshes very little or even no material 





may be obtainable to make a bank. [ 
have recently, in my own experience, met 
with a swamp 24 miles across, which was, 
in the direction of the line, a level sur 
face; soundings showed a firm bottom 6 
to 18 feet below a fairly firm muck; but 
the season was very wet, and an attempt 
to throw up a bank of muck was a fail- 
ure, as it would run off a shovel before it 
could be thrown up. In this case I took 
the small poles and brush from the right 
of way and laid them along the center 
line cross-wise, and then some smal! 
poles, from 2 to 6 inches in diameter, 
lengthwise, so that they would come 
under the ties outside the rail; on these 
I laid the ties and iron for a good share 
of the distance across the swamp, with 
no earthwork whatever. After the track 
was laid across (it was not very smooth 
however), we turned back and filled with 
clay and raised the track; soon it will be 
one of the best pieces of track on the 
road. 

Culverts.—During the process of loca- 
ting and constructing, the engineer has 
looked over his line and its contiguous 
territory closely, to determine the loca- 
tion, size and character of the necessary 
water-ways, and during his cross-section 
work has probably staked out his drains, 
culverts and bridges, made out his 
timber bills, and made provision for the 
timber and material for the various struc- 
tures: In places where there is but a 
small area of surface drainage, and no 
danger of an accumulation of water, a 
small drain of sewer-pipe may be made, 
or in cases where cheapness of construc- 
tion is necessary, which too often hap- 
pens, a simple box of plank, spiked to- 
gether, will answer where the embank- 
ment is light. Where there is much 
water a culvert should be put in. On 
new work in new countries wood is al- 
most entirely used, leaving the more ex- 
pensive as well as more desirable stone 
and iron structures to be put in when the 
first have had their day, and the other 
an be brought to the spot by train, and 
the company have presumably more 
means to do work with. 

Ordinary culverts are built of 12” x 12” 
timber; I use 10”x12” on edge, the 
sticks laid one upon the other, secured 
by dowel pins. The foundations are 
usually ordinary mudsills of flatted tim- 
ber, sunk in the ground below the bottom 





of the waterway, to avoid undermining. 
The sills should be boxed down at the 
ends for a couple of inches to prevent 
the wall sticks from sliding in from the 
pressure of earth behind them. The top 
wall piece of an open culvert should be 4 
feet longer than the width of embank- 
ment of sub-grade, and each succeeding 
stick 3 feet longer than the one above it 
till the surface of the ground is reached. 
The walls should be braced against the 
thrust of the earth behind them by struts 
across from one wall to the other, usually 
dove-tailed into the wall sticks. Culverts 
should be laid out so as to have the top 
of the walls reach just to sub-grade; on 
these walls are laid the track-stringers, 
lying loose so as to be brought to the re- 
quired line or shifted at any time. When 
open culverts are more than 8 feet wide 
they should be made with a bridge top, 
i. €., With ties across the stringers. Box 
culverts are made as above described, but 
are covered with either plank or timber, 
and usually with the earth of the fill. 
Across small streams the ordinary pile 
bridge is the cheapest and best to build. 
Use white oak piles, not less than 10 
inches in diameter at the small end, well 
driven ; the usual plan has 4 piles in a 
bent, the bents from 12 to 16 feet apart 
(14 feet is a good distance), the piles 
sawed squarely off and the cap securely 
drift-bolted on top of the piles. Where 
the height does not exceed 12 or 15 feet 


the piles may answer as bents, and the | 
track-stringers be laid directly on the} 


caps; but where the height is greater 
there should be trestle-work on top of 
piles. Across larger streams, or where 
there is danger of freshets, ice, driftwood 
or logs, there should be a clear span to 
leave the channel unobstructed ; on nav- 
igable streams a draw-bridge becomes 
necessary. For ordinary trestle-work, 
timber of the following sizes may be 
used: Caps 1012, main posts 10X10, 
batter-posts 8x 10, stringers 7 x 14, lat- 


eral braces 6 x 6, sway braces 3 x 10, girts | 


6x 6, ties 68, guard rail 6x6. hese 
dimensions will suffice for narrow-guage 
roads using engines of 18 to 20 tons 
weight; we have latterly built our bridges 
of the usual standard size. 
Track-laying.—In advance of track- 
laying the engineer should carefully re- 
trace his line along the grade, and put in 
solid stakes for track centers. These 
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stakes should not be less than 2 inches 
square, well driven, left 6 to 8 inches 
above the surface of the grade, and hav- 
ing a tack or nail showing the exact line 
on the stake. On tangents center stakes 
200 feet apart will suffice, but on curves 
they should be put in every fifty feet. 
Centers should be put on all culverts, 
and at intervals of 10 to 20 feet on all 
bridges. We will now suppose the cen- 
ters in, the material all ready, our forces 
and construction trains at hand, and will 
proceed with work. First, we must load 
one train with the proper proportion of 
iron, ties, bolts, straps, spikes and tools ; 
the car for bolts, straps, spikes, etc., is 
usually the head car, then come the ties, 
then the iron. The train is backed out 
to the end of the iron, and when the 
track-laying force is ready, as many rails 
and ties as will make a lorry load are 
thrown off, together with the necessary 
spikes, bolts aud straps, and the train 
pulls ahead out of the way. The lorry 
men run their car back and load, say, ten 
rails ; above the rails, but placed so as to 
leave the rails loose, are loaded a suffi- 
cient number of ties for as much track 
as the rails will lay, and bolts, spikes and 
straps enough for ten joints. Then the 
lorry is run ahead to the end of the rails, 
where the men, standing in a row on 
each side, pass forward the necessary 
number of ties for a rail length, laying 
them evenly and properly spaced on the 
grade, being guided by a line stretched 
along the grade and a pole properly 
spaced; a large tie should always be se- 
|lected for the joint. Next, on each side, 
ithe forward gang grasp the end of a rail 
jand pull it forward, and, as the rear end 
drops from the lorry, it is caught by the 
| rear gang and placed at the end of the 
‘rail in the track, then the forward end is 
dropped to line; this is done on each 
side simultaneously; the lorry is then 
‘run ahead to the end of the two rails 
just laid and the process repeated. 
While this work has been going on, 
another lorry load of iron and ties has 
been loaded and brought forward, the 
empty lorry tipped on its edge off the 
i track to allow the other to pass, which, 
in its turn is unloaded and sent to the 
rear for another load. For laying light 
'rails three men at front and two at rear 
'on each side is force enough ; for heavy 
.iron more are necessary. As the iron 
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and ties have been run out from the 
lorry a pair of straps, with the necessary 
bolts, has been left at each joint, and two 
spikes dropped at each end of each tie. 
Immediately in the rear of the lorry 
come the strappers, who quickly place 


the fish-plate, or whatever joint fastening | 


may be used, on the joints, and bolt 
them to place, leaving the proper ex- 
pansion at each joint; then come the 
spikers, working two together, the two 
on the line side ahead, spiking usually 
the joints, quarters and centers. Before 
the train is run upon the track each rail 
is spiked to the tie exactly to a line 
which a boy has previously chalked on it 
a certain distance from the end, meas- 
ured by a short stick, so that when the 
rail is full spiked and lined, the line end of 
the ties are in a true and even line. The 
rail joints should be kept exactly oppo- 
site to each other, except on curves, when 
joints should be opposite centers on nar- 
row-gauge -track, as it thus retains its 
alignment much better. Two spikers are 


also at work on the other side, using a| 


gauge, and quickly spiking the rail to 
place; each set of two spikers have with 
them a nipper, or a man with a light iron 
bar and a block of wood, whose duty it 
is to hold the tie to the rail while being 
spiked. Spikes should be driven squarely 
into the ties so as to have a firm bearing 
against the rail, both on the side and 
head of the spike, and should be driven, 
not in the center of the tie or exactly op- 
posite on the side of the rail, but one a 
little ahead of the other, but both inside 
spikes should be driven alike, ¢. ¢., either 
ahead or back of the center of the tie, 
as it prevents the tie from rocking, which 
it will do if spiked otherwise. As soon 
as the track is laid and spiked at the 
joints, quarters and centers, the train 
may be run up and kept closely following 
the workmen. Behind the train come 
the back spikers, who complete the 


spiking, and then the diners, who throw | 


the track into line, when it is ready for 
the ballast train. Track-laying is often 
partially done by machinery, by means of 


adjustable rollers fastened to the sides of | 


the car, on which the iron and ties are 
carried to the front along the side of the 
train; also by a lorry car running on a 
track on the supply train. 


are scarce. 
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soon as the track is 
laid the engineer should run his bal- 
last grades, which should be marked by 
good stout stakes set at the side of the 
grade, at the foot of the slope of the bal- 
last opposite the center stake, and driven 
so that the top of the stakes should be 
as high as the top of the rail at final 
grade; stakes 200 feet apart on tangents 


Ballasting.—As 





Each method | 
has its advantages, especially where men | 


and 50 feet on curves, the same as cen- 
ters, will answer. The ballast train 
should consist of as many flats as can be 
conveniently used and handled, varying 
| with the condition of the pit for loading, 
the capacity of the engine for hauling, 
and the force used to do the work. 
The most economical method, when a 
convenient pit of material is reached, is 
to lay a temporary track (or, what is bet- 
ter, if it can be done, two tracks into it, 
by which much time will be saved in 
shifting trains), then load one train while 
the other is on the road. Unloading is 
most economically done under ordinary 
circumstances by means of a plow worked 
by a wire cable from the engine, when 
no time is lost by men riding back and 
forth between pit and unloading point, 
as the train force is sufficient to handle 
the plow, and the pit force can be ad- 
justed so as to load while the train is 
making a trip. An estimate of the quan- 
tity of ballast to be used should be made, 
so that the trainmen may make a proper 
distribution of it. Allowing the surface to 
be uniform at sub-grade, the quantity of 
ballast to raise the track to final grade 
can be determined very closely and dis- 
tributed accordingly, so that, when the 
surface is complete, very little or no bal- 
last will remain unused. 

In raising track it should first be lifted 
to final grade at each grade stake and se- 
curely packed ; then by use of sighting 
boards, the joints and centers between 
the two points are raised to the same 
grade, except on the vertical curve be 
fore alluded to when the intermediate 
| points should be rounded to agree with 
lthe curve. On horizontal curves the 
‘outside rail should be raised; on 3- 
foot gauge we raise the outer rail 2 inch 
for each degree of curvature up to 5°. 
All points of the track having been 
raised to the proper height, and the bal- 
last shoveled in and well tamped the 
entire length of each tie, the track is 
ready for lining. A liner and three or 





more men with lining bars throw the 


track carefully to the exact center as in- | 


dicated by the tack head in the stake 
driven before track laying; then all parts 
of the track are thrown to correspond, 
and the rail brought to a true line. One 
side (it is not essential which) should 
be taken as the line side, and all lining 
of ties, iron, or track be done on that 
side. Following the liners come the fin- 
ishers, who properly distribute what ma 
terial may be left by the surfacing gang, 
and give the required surface to the bal- 
last, dress it up neatly, remove any bal- 
last from the ditches in cuts, and gather 
up in shape for removing any surplus ma- 
terial. Different companies have differ- 
ent forms of ballasting and dressing. 
Some raise the ballast nearly as high as 
the top of the rail in the center and 
slope it to the lower edge of the tie at 
the end; others keep it nearly level with 
the top of the tie in the center, and 
nearly as high at end of the tie, and 
others still have other forms; but on 
narrow-gauge track it is essential that 
plenty of ballast should be at and against 
the ends of the ties, otherwise it will be 
very difficult to hold the track in line. 
Very many points of work have not 
been alluded to at all, although they all 
have an important bearing upon the work. 
We have not mentioned at all what is 
important, especially to the contractor, 
monthly and final estimates, also the 
manner of making them, building of 
bridges, crossings, etc., and the thousand 
and one other matters that enter into 
the work of construction. 
Equipment.—But let us consider our 
road-bed and track as completed, ready 
for the running of regular trains, and 
mention some of the necessary equipment 
for doing business. Of first note is the 
rolling stock, consisting of locomotives, 
passenger coaches, baggage, and express 
sars, box cars, flat and stock cars. The 
locomotives should, of course, be adapted 
to the service for which they are intend- 
ed; those for the passenger service 
should have a larger wheel and quicker 
motion than those for freight; so of the 
other rolling stock, it should be adapted 
to the class of business required; but I 
leave the subject of rolling stock for 
some one better acquainted with it than 
I am, and mention briefly some of the 
equipment which more directly concerns 
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the engineer, such as water stations, pas- 
senger and freight buildings, shops, en- 
gine houses, turn-tables, ete. 

About the first essential is the water 
supply for engines. During construction 
work, the engines may be supplied with 
water pumped by hand directly into the 
tender tank, or better still by a small 
steam pump, which may be shifted from 
point to point, or yet again by a steam 
siphon and hose carried with the engine, 
the hose of which can be dropped into 
any convenient ditch or pond of water by 
the roadside ; in case of emergency, water 
may be bailed up with pails. All these 
processes are slow and tedious, and will 
not do for permanent use. Locations 
should be chosen at convenient points, 
at stations or regular stopping places, not 
exceeding 20 miles apart—15 is better— 
and tanks of sufficient capacity put up. 
Tanks of from 20,000 to 30,000 gallons’ 
capacity will answer where traffic is not 
very heavy, or even less would do, but 
small tanks are not advisable, as the sup- 
ply is not as lasting, and in severe 
weather is more liable to freeze. The 
tanks should be erected upon a frame- 
work of posts of convenient height, so 
that the drop pipe will have a good sharp 
incline when water is being taken. For 
a tank of 20,000 gallons 12 posts 8” x8” in 
size are sufficient; the ‘oundation may be 
of stone or of piles capped with 8” x8” 
for sills, the posts framed into them, and 
capped at right angles to the sills with 
8” x8" caps; on them rest the floor joists, 
and on the joists directly the bottom 
of the tank, the joists being cut away for 
the chime of the staves; a tank holding 
from 20,000 to 30,000 gallons, should be 
made of 3-inch staves and bottom. To 
make the tanks frost proof, all that is 
necessary is to put in a ceiling 18 inches 
below the top of the staves, and pack it 
with 18 inches of good sawdust, leaving 
the space between the top of the staves 
and roof, which should be perfectly tight, 
as a dead air space; also to pack it well 
around the supply, waste, and delivery 
pipes and under the floor; in extreme 
cold weather it will of course freeze a 
little, but not enough to do any damage. 
There are many different methods of sup- 
plying the tanks with water; that most 
in use is by a small steam pump; wind 
power is also quite extensively used and 


‘is considered quite economical, although 
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my experience has been that it lacks in| speaking especially of the equipment of a 
that respect and is not altogether reliable. | narrow gauge road, where cheapness and 
Hot air engines are also somewhat used, | economy are a desideratum. In front of 
and I believe are considered economical | the office is a bay window, so that the 
and reliable. Our company have had one| agent or operator has full view of the 
in use at Vassar for the last six or eight | track each way. In front of the building 
months, and are well pleased with its| the platform should be not less than 12 
performance thus far. Too much care| feet wide; we build it 1 foot above the 
cannot be taken to have good water and | rail with a raised portion 8 feet wide in 
a supply that is permanent. Soft water| front of the freight room, and raise the 
from streams is considered the best; | freight room floor above the waiting room 
water containing minerals, especially lime | floor so as to be on a level with the floor 
and other substances that coat boilers, | of a box car; the platform across the end 
should be avoided. }and rear of freight room is level with its 

Station buildings come next in import-| floor and descends again to the level of 
ance to water stations, if indeed any/the waiting room by an easy incline. For 
gradation in importance can be made;/a place of several hundred inhabitants, 
for successful and economical ope rating | we build a station 20 x 70 feet in size, simi- 
all are required. It may be supposed | lar to the former with the addition of a 
that, during the process of construction, | baggage room; and in large places make 
the location has been chosen and the} them 20100 feet or more. Where two 
grounds secured. Usually, during the| waiting rooms are needed we build the 
first excitement of the enterprise and the | office partially between the two, so as to 
rivalry of the different centers or villages | give convenient access to both. We have 
in their efforts to secure the road, a choice|found the system of passengers and 
of location can usually be had, which| freight in the same building to work satis- 
should be made with reference to the/|factorily, having in no case, except at 
convenience of access, and economy and | terminal stations, any other arrangement, 
convenience of laying out the sidings and | although in very large places it would 
arranging for the business of the company. | not be desirable. During construction 
It is well to secure ample room at first, | the engines are usually left standing out 
for, after the grounds are once maaan, ja doors with no covering whatever ; 
it is strange how soon contiguous property | sometimes a rough temporary shed or en- 
appreciates in value, and often it is im-| gine house is built ; but it now becomes 
possible to obtain more room without}necessary to have permanent buildings 
buying at exorbitant prices. The station| for them. Such are usually built in a par- 
building should be of sufficient size to} tially cireular form, with stalls or divi- 
accomodate the business of the place. In| sions to accomodate one engine each. A 
small places, where one man does all the| suitable location is chosen, and a turn- 
work, I think it advisable to unite the|table put up, and, radiating from it as 
passenger and freight buildings in one, | center, the tracks enter each division of 
as it is more economical as well as con-| the engine-house; underneath each track, 
venient. For places of only a hundred| inside the house, is built a pit for con- 
or two of population, where business in | venience in working at the under side of 
terests are not very great, I have found| the machinery. These houses are usually 
a building 16 x 40 feet in size to be ample. | built of either brick or stone, although 





A convenient one is built as follows: 
16x40, with 12 foot walls, the interior 
divided in the middle by an ordinary 
studded partition, making the freight 
room 16x20, and 16X20 for a waiting 
room and office; the office is made by 
running a lattice partition across from 
floor to ceiling, 6 feet from the end of 
the room. This lattice partition allows 
the waiting room stove to do duty for the 
office as well,—another item of economy, 
as you will please bear in mind that I am 


{cheapness of construction being often 
demanded, wooden ones may be built 
with simply a frame work of 8’ x 8” posts, 
with 8” x8” caps, 2” x6” studding, 2”x 
| 10” and 12” joists; they should be sheet- 
|ed around the outside, then papered with 
heavy building paper, then boarded and 
battened. Double doors in front of each 
division may be built on a light frame of 
2” x4" in the same way ; a tar and gravel 
roof will do as well as any. At terminal 
stations and points where engines are 
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kept for yard or other service a small 
building of sufficient size for the required 
service should be built, and may be locat- 
ed over an ordinary spur track in a con- 
venient place. At headquarters, in con- 
nection with the engine or round-house 
(as it is usually called from its partially 
circular form), should be the repair and 
machine shops, the size, equipment, and 
sapacity of which will depend on the 
number of engines to be kept in repair, 
and the amount of work to be done; the 
more complete they can be made as to 
machinery and appliances, the more eco- 
nomically can the work be done, althongh 
of course due regard must be had to the 
means to do with. It is also necessary 
to have car repair shops and a place for 
storage of coaches when not in use. A 
supply depot is almost a necessity on a 
road of any importance. It is also neces- 
sary that a road should be furnished with 
the necessary sidings at different points 
along its line, and yards at terminal and 
important points for the storage of cars, 
etc. 

Cost.—I am aware that I am already 
making this article too long and am only 
touching upon a point here and there, so 
perhaps I had better close by giving an 
estimate of the various items of cost that 
are applicable to a narrow gauge road, as 
very little of what I have already said 
will not apply to any gauge of railroad. 
First the right of way must be secured, 
which, through a farming and timbered 
country, like the lower peninsula of 
Michigan for example, will cost from $20 
to $50 per acre, although usually from 
one-half to three-quarters can be secured 
as a donation. However, we will say an 
average of $40 per acre, which gives, for 
aright of way 4 rods wide, 8 acres or $320 
per mile. Clearing through the average 
country above alluded to can be done for 
$25 per acre, or $200 per mile, and 
grubbing will average perhaps $100 per 
mile, though in heavily timbered land it 
will cost very much more. A fair price 
for ordinary earthwork is 25 cents per 
yard, and at 5,000 yards per mile, (al- 
though on the P.H. & N. W. Ry., of over 
200 miles, the average has been less than 
4,000 yards per mile), we shall have for |} 
earthwork $1,250. Bridges, if not too 
expensive, may be figured $200 per mile 
and culverts at $100. This will give for 
right of way and road bed as follows : 
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$320 
200 
100 
250 
300 


Right of way 
Cleari ng 

Gr ubbing 
Earthwork 


Total 


Ties will cost, say 20 cents, although 
the average price paid for more than half 
a million ties used by the P. H. & N. W. 
Ry., has been but little more than 10 
cents. 

2,640 ties per mile at 20c¢ 
Rails, (steel) 35 lbs. per yard, 55 tons 
per mile, at $50 per ton. ‘ 
Fish plates, 5: 32 pairs, we ighing § 8 Ibs. 
per pair, at 3c. lb 
1,408 bolts, 4 Ib. each, at 4c... 
Spikes, 27 kegs per mile, 150 Ibs. per 
ke g, at 3c. Ib. oo considerably 
Track laying per mile. 200,00 
Ballasting, 35 c. yard 1,100 yards per 
385. 
Making per mile $4, 139 
To which we must add about 5% min- 
imum for siding, etc 


ro 
ia 


Total per mile.. $4,346 
We will perhaps arrive at a 5 better re- 
sult for equipment by considering the 
amount needed for 100 miles of road. 
Let us say, 
8 locomotives, from 14 to 20 tons @ 
$8,000 each 
6 first-class coaches @ $3,000 each.... 
6 second-class coaches @ $2,300 each. 
4 baggage and express cars @ $1,700 


$64,000 
18,000 
13,800 


6,800 
48,750 
8,500 
11,250 
900 


150 box cars @ Oe eee 
10 stock cars @ $350 

BO Tk COPS OO GIRO. co cccccscctesccs 
FIGNG-COPE occ ccccccccse. ‘ 


$167,000 


Total for rolling stock............ 
or $1,670 per mile. 

Water stations at terminal stations, and 
4 intermediate on the 100 miles will 
cost $700 each 

For station buildings we will say 12—6 
of the smaller size mentioned, which, 
with the platform and outbuildings 
complete will cost $600 each 

Four, 20’ x 70’ in size @ $1,000 each... 

Two, 20’x100' in size @ $1,300. 

Larger passenger and freight buildings 
at headquarters costing 

Engine-house of 8 stalls at he: udquarters. 

Small engine-house at other end of line. 


$4,200 


3,600 
4,000 
2,600 


500 


Telegraph line... . 


Total... 


eee eer ee eeeee 
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or $551 per mile. Making a summary as 


follows: 


Ties, iron, track-laying, ballasting, 
etc 


: 4,346.72 
Rolling stock equipment... 
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551.00 
600.00 


Making a total per mile of..,... .89,337.72 


i ELE Oe OODLE ‘ 
Fencing 


BO 47 . : : 
$2,170.00 | to which may be added engineering and 


contingent expenses, which will make in 


1,670.00 round numbers at least $9,500 per mile. 


ON THE ANTISEPTIC TREATMENT OF TIMBER. 


By 8S. B. BOULTON, Assoc. Inst. C. E. 


From “The Engineer. 


Tue author commenced by referring to 
a paper by his late partner, Mr. H. P. 
Burt, Assoc. Inst. C. E., on the subject 
of timber preserving, which had been 
read at the Institution in 1853. Since 
that date the use of antiseptics for the 
treatment of timber had greatly increased. 
The process called creosoting, or the 
employment of the heavy oils of coal tar, 
had almost entirely displaced the other 
methods, whilst the manufactures con- 
nected with the residual products of gas 
making—from one of which residuals the 
creosote oils were derived—had experi- 
enced an enormous development. The 
author's connection, during thirty-four 
years, with this group of industries en- 


abled him to offer the results of some: 


personal experience and research, which 
he presented, together with those arrived 
at by other investigators. An historical 
description of the antiseptic treatment of 
timber was preceded bya fewnctes on the 
method pursued by the ancients for the 
preservation of wood and other perishable 
materials. The ancients were well ac- 
quainted with the manufacture and use 
of many kinds of oils, tars and bitumens, 
and frequently used them for the prepa- 
ration of wood, with respect to which 
some notable instances were cited. The 
methods employed by the Egyptians in 
embalming their dead were dwelt upon 
at some length, and the author endeav- 
ored to elucidate some discrepancies in 
the descriptions of these processes, as 
recorded by Herodotus and Diodorus 
Siculus. The researches of Petigrew 
were alluded to, particularly his interest- 
ing experiment upon the heart of a 
mummy, which, after three thousand 
years’ preservation, began immediately 


” 


to putrify when the antiseptic sub- 
stances were removed by maceration. 
This appeared to prove that no chemical 
transformation had taken place. but that 
the long immunity from decay had been 
the result of the abiding presence of the 
antiseptic. The growth of theories upon 
the causes of putrefaction was traced 
down to the commencement of the pres- 
ent century, reference being made to the 
“ Phlogiston,” and other exploded theo- 
ries; also to the opinions of Macbride, 
Sir John Pringle, Sir Humphrey Davy, 
Thomas Wade, and others, and to their 
suggestions upon timber preserving. 
The progress of timber preserving dur- 
ing the railway era, and particularly be- 
tween the years 1838 and 1853, was de- 
scribed, with especial reference to the 
competition between the four most suc- 
cessful of the processes. These four 
consisted in the employment of corrosive 
sublimate, sulphate of copper, chloride 
of zine, and heavy oil of coal tar, which 
had been patented in England respec- 
tively by Mr. J. H. Kyan, Mr. J. J. Lloyd 
Margary,. Sir William Burnett, and Mr. 
John Bethell. The distinction was 
pointed out between the real creosote—a 
product derived from the distillation of 
wood, but which had never been employed 
for injecting timber—and the so-called 
creosote which had been so successfully 
used for that purpose, the latter being a 
heavy oil produced from the distillation 
of gas tar. The theory that certain an- 
tiseptics preserved timber by coagulating 
the albumen, and by forming insoluble 
combinations with the woody fiber, had 
been advanced on behalf of all the four 
processes alluded to. But, in spite of some 
acknowledged success, the Kyanizing 
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Wissentiing, and Burnettizing systems 
were not found to be so durable in their 
effects as creosoting. Indeed, the salts 
of metals were gradually washed out of 
timber exposed to the action of water. 
On the other hand, the success of the 
creosoting process became completely 
established. In order to show the pro- 
cess of manufacture of the creosote oils, 
a short description was given of the or- 
dinary methods of tar distilling. Coal 
tar, a black, viscous substance, was a re- 
sidual product of gas making. It was 
split up by a preliminary process of dis- 
tillation into three groups of substances, 
namely: (1) Oils lighter than water, con- 
tuining the naphthas, benzoles, toluols, 
and other bodies, from some 
the aniline dyes were manufactured. 
This series of oils had never been used 
for timber preserving. (2) Oils heavier 
than water; the dead oils or creosote 
vils of the timber yards. ‘These oils 
contained a great variety of different 
bodies, the properties of some of which | 
were described, including carbolic acid, | 
cresylic acid, naphthaline, ‘anthracene, cry- 
sene, pyrene, quinolene, leucoline, acri- 
dine, cryptidine, &c. (3) Pitch, the re- 
siduum of the distillation. The creosote 
oils varied in their characteristics in dif- 
ferent districts, according to the nature 
of the coal used in the gas works, and| 
to the varying temperatures at which the | 
coal was carbonized. The type of creo-| 
sote called “London Oil,” made from | 
the tars derived from the coal of the 
Neweastle district, was contrasted with | 
the so-called “Country Oil,” typical of | 
the product from the tar of the Midland | 
and other coals. The former 
less of the carbolic and 
than the latter, but more of the semi- 
solid substance, which solidified within 
the pores of the timber, and more of the 
antiseptics which did not volatilize 
except at exceedingly elevated tem- 
peratures. The history of the contro- 
versy as to the respective merits of the 
two types of creosote oils was fully gone 
into. The carbolic and cresylic acids 
had been recognized as potent antisep- 
tics; their presence appeared to arrest 
the action of all destructive germs, and 
the lighter and thinner country oils, 
which contained a comparatively large 
percentage of these tar acids, had there- 
ore been preferred by many. The 


of which | 


contains | 
cresylic acids | 
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opinion of Dr. Letheby to that effect was 
recorded. On the other hand were cited 
the opinions and practice of the intro- 
ducers of creosoting and of the earlier 
operators in that process, who used in 
preference the heavier types of creosote; 
and the early success of that creosote, 
both in England and in tropical countries, 
appeared to confirm their judgment. A 
number of experiments were then alluded 
to, stretching over a long series of years, 
and conducted by investigators in this 
and in other countries for the purpose of 
ascertaining which of the component 
portions of the creosote oils were the most 
durable and efficientagents in preserving 
‘timber. The result of these experiments 
appeared to show that it was not to the tar 
acids, but to the heavier and least vola- 
|tile portion of the creosote, and to those 
| bodies which solidified within the pores 
|of the timber that the most durable re- 
sults should be attributed. This ap- 
|parent anomaly was explained by refer- 
jence to numerous eminent authorities 
upon carbolic acid, who, whilst extolling 
its action as a most useful and powerful 
jantiseptic for sanitary and surgical pur- 
| poses, were in ge meral agreement as to 
its possessing the following characteris- 
tics: That it was exceedingly volatile at 
ordinary temperatures, that it was read- 

\ily soluble in water, and that its combin- 
ations with other bodies, including albu- 
men, were not stable. It would, there- 
fore, readily evaporate from timber ex- 

| posed to the heat of the sun, especially 
\in warm climates, and it would be washed 
‘out of timber in contact with water. 
| The author's personal experience and ex- 
periments fully bore out the conclusion 
|that the use of the heavier and least vol- 
jatile portions of the creosote oils should 
ibe encouraged, and that from them the 
|most durable results might be expected. 
| Moreover, it was pointed out that recent 
investigators had discovered in these 
heavy oils, bodies which, if perhaps less 
potent, were more durable in their anti- 
septic effects than carbolic acid. By ju- 
dicious selection and admixture, both 
London and country oils could be use- 
fully employed. Shale oil and bone oil, 
however, and other oils lighter than 
water, should be excluded. The modern 
germ theory was discussed in its relation 
to timber preserving, and was believed 
by the author to be a more practical ex- 
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planation of the action of antiseptics 
upon wood than the older theories as to 
the coagulation of albumen and the 
formation of insoluble compounds. With 
respect to all bodies which had been ex- 
tensively used for timber preserving 
their durable results appeared to be in an 
inverse ratio to their volatility in the at- | 
mosphere and their solubility in water. 
The germ theory constituted a severe but 
salutary test in choosing antiseptics for 
the treatment of wood. In the author's 
opinion the substances preferred should 
be not only germicides, but germ exclu- 
ders, those being the best which were 
least soluble in water, least volatile in air, 
and most capable of becoming solid 
within the pores of the timber. A de-| 
scription followed of the various kinds 
of apparatus which had been in use dur- 
ing the present century for injecting tim- 
ber with antiseptic liquids. The paper 


concluded with some remarks upon the 


[ANUFACTURE OF 


By HENRY 


THE 4 


Transactions of Iron 


Tue old-fashioned method of convert- 
ing bar iron into steel, and afterwards 
melting it in clay pots to form ingots of 
cast steel, which are reheated and rolled 
or hammered to the size and shape re- 
quired, has been so frequently described 
that I should not have ventured to 
bring the subject before the notice 
of the members of the Iron and 
Steel Institute had I not been request- 
ed to do so by the council of the so-| 
ciety. It was suggested that, inasmuch | 
as the Journal of the institute did not! 
contain a paper on this subject, the occa- 
sion of the annual meeting of the mem- : 
bers being held in the town of Sheffield, : 
the headquarters of the crucible cast 
steel trade, would present an appropriate ! 
opportunity for collecting the facts con- : 
nected with such an important branch of 
industry. These facts may perhaps be 
all the more interesting now that Shef- 
field has somewhat ungraciously failed 
to respond to the wishes of the institute ; 
not in the least degree from want of hos- 
pitality, but from a deeply-seated belief 


: forward. 


subject of the hygrometric condition of 
timber at the time of injection, failures 
having repeatedly arisen owing to the 
timber being too wet at the time of creo- 
soting. The author dwelt upon the im- 
portance of this subject, describing also 
his experience with various methods of 
getting rid of superfluous moisture arti- 
ficially, and of a process which he had 
recently inaugurated, by which this re- 
sult could be obtained in the creosoting 
cylinder itself, without injury to the tim- 
ber. 

The paper was illustrated by dia- 
grams showing the mostimportant prod 
ucts derived from coal, and the appara- 
tus for coal tar distillation and timber 
preserving; also by tables, giving the 
properties of coal-tar products and other 
substances, of timber-preserving specifi- 
cations, and of more than one hundred 
references to .various authorities upon 
the topics alluded to in the paper. 


CRUCIBLE CAST STEEL. 
SEEBOHM. 


and Steel Institute. 


that the Patent Laws are so bad that it 
is more profitable to keep secret a me- 
chanical improvement than to patent it. 
Sheffield inventors have learnt by bitter 
experience that secrecy is the only pro- 
tection for improvements; and if they 
think that they have found a goose that 
is going to lay golden eggs they lock 
and double lock the fowl-house door. It 
is said that there is no Act of Parlia- 
ment through which you cannot drive a 
coach-and-four, and I am afraid that the 
Patent Laws are no exception to the 
rule, if you only have sufficient money to 
buy a strong enough team. I may pre- 
mise that I have nothing new to bring 
No Sheffield firm has yet suc- 
ceeded in discovering the philosopher's 
stone. We all have our little secrets, 
which we jealously guard (and they have 
|no greater scientific value than the 
‘secrets of the Masonic fraternity), but in 
i spite of the important and valuable dis- 
! coveries which have been perfected dur- 
jing the last quarter of a century in the 
| methods of producing cast steel, the old- 
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fashioned crucible steel manufacturers of 
Sheffield still hold their own. They still 
convert bar iron into blister steel, and 
melt blister steel into cast steel, and some 
of them have not been altogether unsuc- 
cessful in transmuting cast steel into 
gold. 

The accumulated experience of a cen- 


tury has convinced the manufacturers of | 


crucible cast steel that the finest qualities 
can only be made from bar steel which 
has been converted from iron manufac- 
tured from Dannemora ore. Thisiron is 
expensive; its average cost for the last 
forty years has been at least £25 a ton; 
the process of converting it into steel is 
slow and costly ; the process of melting 
in small erncibles is extravagant both in 
labor and in fuel, and consequently the 
best qualities of crucible cast steei can 
only be sold at a high price. So-called 
best crucible cast steel is sold at low 
prices by unscrupulous manufacturers, 
and bought by credulous consumers, but 
though it is quite possible for high- 
priced steel to be bad, it is absolutely 
impossible that low-priced steel can be 
good. The finest quality of steel cannot 
be made of cheap material or by a cheap 
process. Every year the attempt is made, 
and every year it signally fails. No one 
ever made a better try than Sir Henry 
Bessemer, but his failure was as complete 
as that of his predecessors. He at- 
tempted to produce an article at £6 a 
ton to compete with one at £60 a ton, 
and failed absolutely. It is true that his 
steel is a success, perhaps the most bril- 
liant success of the century. I am not 
quite sure that he himself believes in his 
failure. In his lecture before the Cut- 
lers’ Company of London, in 1880, he 
chaffed the steel manr‘acturers of Shef- 
field on their antiquated attachment to 
the rule of thumb, and twitted them with 
the assertion that the high price of cru- 
cible cast steel arose from a combination 
of trade interest on their part and of 
prejudice on the part of their customers. 
Sir Henry Bessemer may have half ruined 
the wrought-iron trade, and revolution- 
ized the pig-iron trade, but the crucible 
cast steel trade holds its own in spite of 
his great discoveries. When railways 
were first introduced, and wagons and 
coaches were to a large extent driven off 
the road many people thought that the 
price of horses would permanently fall, 





but exactly the contrary took place. 
Similar fears were entertained that the 
demand for crucible cast steel would seri- 
ously decline when Bessemer and Siemens 
steel came into the market. This bas 
not been the case. The commoner quali- 
ties of crucible cast steel have been, to a 
large extent superseded by Bessemer and 
Siemens steel, but the enormous quanti- 
ties made by the latter processes have 
required for their manipulation, directly 
or indirectly, such a large quantity of the 
better qualities of crucible cast steel, 
that the total amount of the latter now 
produced in various parts of the world is 
probably double that which was required 
before the birth of its rivals. 

Chemical analysis plays a very im- 
portant part in the manufacture of iron, 
sessemer and Siemens steel, and even of 
the comparatively small quantity of cru- 
cible cast steel which is still used for pur- 
poses in connection with which it is 
not required to be hardened and tem- 
pered. It is possible to judge very accu- 
rately of the quality of those metals 
from their chemical analysis, almost as 
much so as from the results of mechani- 
eal tests, such as the breaking strain and 
the contraction of the area of fracture. 
But in what we may call, for want of a 
better name, the legitimate cast steel 
trade, chemical analysis, though it tells 
us a great deal, does not tell us every- 
thing. The analysis of steel shows the 
amount of other ingredients which it 
contains besides tbe nine-tenths or more 
of iron which forms its basis. The 
amount of carbon, silicon, manganese, 
sulphur, phosphorus, copper, &c., may be 
ascertained with tolerable accuracy, and 
the information thus obtained is often of 
the utmost importance; but it is quite 
possible to make a comparatively low- 
priced steel which shall show precisely 
the same chemical analysis as the best 
crucible cast steel; nevertheless it is 
found by practical experience to be infe- 
rior in quality. That this is a fact has 
been proved over and over again beyond 
all possibility of doubt. It is a sufficient 
reason why Sheffield manufacturers have 
been willing to pay such a high price for 
Dannemora iron for so many years; but 
it is not a sufficient reason why so many 
Sheffield manufacturers should ignore 
the results of chemical analysis alto- 
gether. Of every fact there must be 
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some explanation, though we may, for the | esses than it is by that made by the old- 
present, at least, be ignorant of it. To | fashioned method? It has been stated 
say, with the Sheffield devotees of the|that the finest qualities of steel when 
rule of thumb, that the one steel pos- | hardened show a more perfect regularity 
sesses “body,” and that the other does}in their crystallization when examined 
not, explains nothing, but merely adds) under a microscope than commoner qual- 
to the synonomy of the subject by alter-|ities, and I venture to suggest that a 
ing the nomenclature. If the metallur-| possible explanation of “body” in steel 
gical chemists could once convince them-| may be absence of injurious ingredients, 
selves that this difference in quality is a| combined with the perfectly homogeneous 
fact, they would probably soon be able to| presence of the advantageous ingredients. 
give us an explanation. Wealready know| Hardened steel is crystallized steel; 


much of the chemistry of steel, and what | 
remains to be learnt is as certain to be| 
some day discovered as the fact that 
Newton discovered, the laws of gravita-| 
tion. Mathematicians may never dis-| 
cover how to square a circle, mechanics | 
will never discover a perpetual motion, | 
nor will chemists ever discover the trans- | 
mutation of metals ; but the discovery of | 
the chemical explanation of “body” is} 
only a question of time. By way of| 
stimulating enquiry I venture to suggest | 
two possible causes of body which may | 
be worth consideration as a tentative hy- 
pothesis of its nature. The best razor-| 


steel contains one and a-half per cent. of | 


carbon. It must be melted from evenly | 
couverted steel. It will not do to mix| 
hard and soft steel together, or to melt| 
it from pig “let down ” with iron, though | 
in either case the exact one and a-half| 
per cent. of carbon may be the result. | 
Steel made by the latter processes will not | 
possess the requisite amount of body ;| 
consequently, the cutting edge of the| 
razor will not stand. It must be melted} 
from steel converted from iron made! 
from ore containing manganese. It will | 
not do to add the manganese in the form | 
of spiegeleisen or ferro-manganese. Car-| 
bon and manganese exist in combination 
with iron not chemically combined in 
certain definite proportions, but as al-| 
loys, as mechanical mixtures in any 
proportion. We know that carbon} 
exists in combination with iron in two} 
forms, either as combined carbon) 
or free carbon; is it not possible) 
that manganese may also exist in two) 
forms, and though the razor steel must 
have been boiled in the pot for half 
an hour after it was melted, to kill it and 
make the ingot pipe, is it not possible 
that the mechanical mixture of the car- 
bon and the manganese is less homoge- 





neous in steel] made by the cheap proc- 


and perfect regularity of crystallization 
in steel which is required to be ground 
to a fine cutting edge may be a necessity 
which can only be secured by the slow 
and expensive old-fashioned method. 
The principal reason why Bessemer 
and Siemens steel have failed so com- 
pletely to supersede crucible cast steel 
for purposes where the better qualities 
are required, is that they cannot be made 
sound without the addition of silicon or 
manganese. In melting common steel 
(containing, for example, from 0.15 to 
0.05 per cent. of phosphorus), the steel 
must be poured into the mould as soon 
after it has become perfectly fluid as 
possible, and as hot as the tensile 
strength of the pot will allow. In mak- 
ing the higher qualities of crucible cast 
steel (where the percentage of phos- 
phorus ranges from 0.01 to 0.001) a 
similar mode of treatment would produce 
very strange results; the molten steel 
would boil over in the mould, the frac- 
ture of the ingot when cold would show 
a series of bubbles like a sponge, and its 
specific gravity would scarcely exceed 
that of wood. Some of these bubbles or 
honey-combs would weld up when the 
ingot came to be forged, but by far the 
greater number would be coated with an 
oxide, which would make a weld impos- 
sible, and the bar, if it was not burnt up 
in the fire, would be so full of the imper- 
fections technically called “seams” or 
“roaks” as to be perfectly useless. To 
obviate this disastrous result it is neces- 
sary to boil the steel for nearly half an 
hour after it has become fluid, and then 
to aliow it to cool down to a certain tem- 
perature before it is poured into the 
mould. This process is called, in the 
language of the votaries of the rule of 
thumb, “killing” the steel, and it is an 
axiom amongst them that the higher the 
quality of the steel the more “ killing” it 
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takes. Itis in this part of the process | exposed to the air for some time, during 
of crucible cast steel melting that its| which it has presumably had an oppor- 
special virtue consists, and the cost and|tunity of parting with some of its oc- 
quality of the cast steel produced depend | cluded gas. The addition of a portion of 
in a large degree upon the skill brought | scrap steel materially assists the process 
to bear upon it. Thereis an old proverb/|of “killing,” as would naturally be the 
in Sheffield, usually expressed in the|case if we suppose that the scrap (which 
terse vernacular of the county, but which | has been melted before) has parted with 
may be refined into the expression that | its occluded gas in the first melting. 
if you put his Satanic Majesty into the| The fact that the presence of manganese 
crucible his Satanic Majesty will come|or silicon helps largely to kill the steel 
out of the crucible. The converse of|may possibly be accounted for on the 
this is by no means the case. Though | theory that the carbonic acid unites with 
you may convert iron into steel in the|the manganese or silicon, and becomes a 
crucible, you cannot convert bad steel in-| solid, or it may be that in an alloy of iron 
to good steel in the crucible; but though | with either manganese silicon or phos- 
you may put the most angelically pure! phorus, the occluded gas is expelled at a 
steel into the pot, you may, by bad man-|much higher temperature than in pure 
agement, by not “killing” it properly,/iron. Before describing the process of 
pervert it into satanically bad ingots. | making crucible cast steel, it may be use- 
Now, this killing of the steel is precisely | ful to devote a few words to the nomen- 
what cannot be done in the Bessemer or|clature of iron and steel. This is almost 
Siemens processes without the addition|as much a vexed question as that of zoo- 
of such a large amount of manganese or | logical nomenclature, and might form the 
silicon that the steel becomes brittle|subject of a code of laws, which would 
when hardened. I do not know whether | probably be as complete a failure as those 
chemists are agreed on an explanation of | issued under the auspices of the British 
the necessity for: “killing” high-class | Association for the Advancement of Sci- 
steel. When iron is made into steel in a/ ence, which have made confusion in the 
converting furnace, it is assumed that the| scientific names of birds and beasts 
oxygen in the air in the converting pot| worse confounded. In Sheffield we at- 
unites with the charcoal, and is soon| tempt to discriminate between iron and 
made into carbonic oxide, which is oc-|steel, which we regard as generally dis- 
cluded by the white-hot iron, and forced | tinct, and each of which we subdivide 
by it to part with as much carbon as is| specifically, though it must be admitted 
sufficient to reduce it to carbonic acid.|/that neither our generic nor specific 
It has been ascertained that metals |names are very scientific. 
have the power of absorbing or occluding} Pig iron is melted direct from the ore 
many times their own bulk of gas, and |in a blast furnace, and contains from 3 to 
possibly the carbonic oxide, when it has|5 per cent. of carbon. When remelted 
parted with the amount of carbon neces-| it is called “cast iron,” or “ metal.” 
sary to reduce it to carbonic acid, is not | Spiegel iron is precisely the same, but 
then expelled from the iron, but may re-| contains in addition from 5 to 15 per cent. 
main in an occluded state, and requires | of manganese. 
to be expeiled in the melting pot by boil-| Bar iron, often called wrought iron, 
ing. Be this as it may, it is a fact that|is pig iron which has been smelted and 
if it be required to make blister steel|deprived of nearly all its carbon, either 
harder than about 1.4 per cent. of car- lin a puddling furnace, or by the Walloon, 
bon, it is necessary to convert it twice | Lancashire, or other analogous process ; 
over, possibly in order that in the inter- | the spongy mass or ball of iron is usually 
val it may part with some of its occluded | hammered or rolled into a bar, which, for 
carbonic acid, so as to make room for a/the Sheffield trade, is generally 3 inches 
further occlusion of carbonic oxide. wide § inch thick, and from 6 to 12 feet 
Another fact which may throw some /|long. 
light upon this question is, that blister} Puddled steel is precisely the same as 
steel melted directly after being drawn |“ bar iron,” except that the process of 
from the converting furnace requires! puddling is stopped when rather more 
more “killing” than that which has been|than half of the carbon has been re- 








moved from the pig iron. There is, con- 
sequently, no hard and fast line between 


bar iron and puddled steel, the one inter- | 


to the other by imperceptible 
degrees. Although there are an infinite 
number of intermediate stages between 
the softest bar iron and the hardest pud- 
dled steel, and although it is impossible 
to state the exact percentage of carbon 
which marks the dividing line between 
one and the other, it is usual to call all 
puddled bars which cannot be hardened in 
water, bar iron, and all those which can, 
puddled steel. This dividing line falls 
somewhere near a mixture containing a- 
half per cent. carbon, and although it 
looks very vague and unscientitic to use 
two terms which thus intergrade, no con- 
fusion of any kind, or misunderstanding, 
has ever been known to arise from their 
use. 

Blister steel is bar iron which has been 
converted into steel in a converting fur- 
nace, and varies in the amount of carbon 
which it contains from $ to 14 per cent. 
There are of course, an infinite number 
of degrees of carbonization between 
“hard heats” and “mild heats,” but for 
the convenience of the trade six of them 
have been selected, and have received 
names as follows; 


grading 


l 
> 


per cent. of ca 


No. 1. Spring heat 

No. 2. Country heat 

No. 3. Single-shear heat. 

No. 4. D’ble-shear heat.1 
No. 5. Steel-thr’gh heat.13 
No. 6. Melting heat.....14 


rbon. 
“e 


3 “c 
4 


Bar steel is blister steel which has 
been tilted or rolled down to the size re 
quired. 

Single shear steel is produced by weld- 
ing half a dozen bars of blister steel to- 
gether. Only those bars are chosen in 
which the process of conversion has been 
so far carried on that the outside of the 
bar is steel, and the center of the bar 
iron. When these are welded together, 
and tilted or rolled down to a small di- 
mension, the result produced is a me- 
chanical mixture of iron and steel, a ma- 
terial which combines great tenacity with 
the capability of carrying a moderately 
hard cutting edge, and is much employed 
for certain kinds of knives. 


Double-shear steel is produced by 
drawing down single shear to suitable 
sized bars and rewelding two of them to- 
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| gether, so that the mixture of iron and 
steel may be more perfect. 
Cast steel is steel that has been melted 
in a “pot” (called a crucible in the en- 
cyclopedias), and poured into a mould 
(called a “form” in the learned books), 
thus becoming an “ ingot,” which is after- 
wards hammered or rolled to the size re- 
quired. It may be made of various “ tem- 
pers,” varying in the percentage of 
carbon which they contain from three- 
quarters or less to one and a-half or 
more. The different tempers may be ar- 
rived at in various ways. For the great 
majority of purposes there can be no 
doubt that the best way is to put into 
the melting pot broken pieces of blister 
steel converted exactly to the temper re- 
quired ; and the more evenly the steel is 
converted, and the more carefully all bars 
| which are harder or softer than the tem- 
| per required, or which are “ flushed ” or 
| “aired,” are rejected, the better. Blister 
'steel, when carefully “taken up” or se- 
| lected, will produce a cast steel which 
(combines the greatest amount of hard- 
ness with the maximum amount of elas- 
ticity when hardened. It may, however, 
| happen that for certain purposes “ sound- 
iness”” in the bar, the result of absence of 
|honey-combs in the ingot, may be the 
| most important quality required in the 
steel; for others, the property of weld- 
‘ing most perfectly may be the sine qua 
non ,; or the great evil to be avoided may 
be the tendency to water-crack in hard- 
|ening ; or the steel may be used for some 
purpose where it does not require to be 
| hardened, and the object to be secured is 
{the combination of the greatest amount 
of hardness and toughness when unhard- 
}ened. In all cases the mode of manu- 
|facture must be adapted to the objects 
which it is most important to secure. In 
addition to the mode of operations al- 
ready mentioned, there are two other 
ways in which the same percentage of 
|carbon may be secured. You may either 
| put cut bar iron into the pot, and “ fetch 
it up” tothe required temper with char- 
coal, or you may put broken pig iron into 
‘the pot, and “let it down” to the re- 
‘quired temper with cut bar iron. A 
fourth modus operandi, which, for most 
| purposes is the best of all, might be enu- 
| merated, namely, the selection of blister 
| steel slightly harder than the temper re- 
| quired, so as to admit of being slightly 
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let down to the exact temper by the ad- 
dition of a small quantity of somewhat 
milder cast steel scrap. 

Bessemer steel or Siemens steel do not 
require definition, nor do they come 
within the scope of this paper. 

The process of converting, or, as it is 
generally called in the encyclopedias, the 
process of cementing iron into steel, is 
carried on in a converting furnace. This 
furnace consists of two stone troughs, 
technically called “converting pots,” each 
of them about 4 feet wide, 4 feet deep, 
and 12 feet long, and placed side by side 
with a fire underneath them, the flues of 
which conduct the heat all around each 
pot. These troughs or pots are built up 
of slabs of a peculiar kind of firestone, 
obtained in the neighborhood of Shef- 
field, and possessing the property of not 
cracking if heated slowly to a high heat 
and allowed to cool slowly. The slabs 
are united together with a mortar made 
of ground fireclay. Over the two pots 
is built a vault of firebrick, and the 
whole is enclosed in a dome of red brick, 
to prevent as much as possible the heat 
from escaping. At the. bottom of each 


pot is placed a layer of charcoal, broken 


up into small pieces, from a quarter to 
half an inch square. On this a layer of 
bars of iron is placed, which is covered 
with charcoal; another row of bars 
of iron follows, and so on until the 
pot is filled with alternate layers of 
charcoal and iron; it is then carefully 
closed with a thick cover of “ wheel- 
swarf,” a silicious species of mud which 
accumulates at the troughs of the Shef 
field grinding wheels, and is, of course, 
the material of the grindstone, worn 
away in the process of grinding, and 
mixed with the finest steel dust which 
has been ground away, a substance which 
will resist long .exposure to great heat, 
and renders the top of the pot practically 
air tight. In order to test the progress 
of conversion, and to ascertain the pre- 
cise moment when the fire should be al- 
lowed to go out, two or three bars of 
iron are allowed to protrude through a 
hole in one of the pots made for the 
purpose. These bars, technically called 
“tap bars,” are drawn and inspected at 
or near the close of the process, and are 
tightly packed in white ashes where they 
pass through the end of the converting 
pot, so that no air may find its way to 
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‘the charcoal inside. The converting 
pots, full of alternate layers of iron and 
charcoal, and for all practical purposes 
hermetically sealed, are gradually raised 
to nearly a white heat, and kept at about 
that temperature for a week or more, 
according to the amount of carbonization 
required. Another week is occupied in 
the process of cooling, which must be 
done slowly, in order to prevent the pots 
from cracking, after which the cover is 
broken up and removed, and the bars, 
which went into the furnace bars of iron, 
are taken out of it bars of “ blister steel,” 
so called from the bubbles or blisters 
which have arisen on the surface during 
the process of conversion. Some of the 
charcoal has been consumed during the 
week at which it was white hot, but a 
considerable portion of it remains, and 
is taken out of the furnaces as_ black 
as it went in. A chemical change 
in the composition of the bars has 
taken place. They were originally 
pure iron, or nearly so, containing, 
perhaps, one-quarter per cent. of carbon, 
or less, were fibrous in their structure, 
and would bend double without breaking. 
After the process of conversion they have 
become a carburet or carbide of iron or 
steel, containing from half to one and a- 
half per cent. of carbon, according to the 
length of time they have been in the 
furnace and the degree of heat to which 
they have been subjected. They are now 
more or less crystalline in their structure, 
and can be broken by a slight blow of 
the hammer. The converting furnaces 
in use in Sheffield vary in size, some hold- 
ing as much as thirty tons of iron, and 
others not more than fifteen tons. The 
iron gains slightly in weight by being 
converted into steel. The process occu- 
pies about three weeks, and a pair of pots 
may be used from twenty to forty times 
before they are worn out and have to be 
replaced by new ones. 

As in every other process connected 
with the manufacture of steel, in the pro- 
cess of conversion it has to run the 
gauntlet of many perils. Sometimes the 
pots crack, air is admitted to the furnace, 
the charcoal is burnt, and in bad cases 
even the iron is oxidized. Bars which have 
thus missed conversion are technically 
said to be “aired,” and even when very 
slightly affected may be easily discovered, 





in consequence of their having almost lost 
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the tendency to become rusty. If the 
furnace be raised to too high a heat the 
surface of the bars will melt, and when 
they are drawn it will appear “glazed.” 
There are even instances handed down 
by tradition in Sheffield of unskillful 
convertors, who had heated the furnace 
under their care to such a degree that 
the whole mass of iron and charcoal had 
become fused together, and the end of 
the furnace had to be taken out to re- 
move the contents. During the process 
of conversion the outside of the bar of 
iron is turned into steel the first, and in 
a spring heat the center of the bar re- 
mains iron, though when the bar is broken 
the crystals of irqgn have lost their bril- 
liancy ; in technical language, the bar is 
said to be full of “sap,” though the sap 
is “killed,” and no longer looks “raw” 
or “stares.” In a country heat the sap 
is still more killed, and the crystals of 
steel on the edges have become more dis- 
tinct. Ina single-shear heat the fracture 
shows more steel on the outside, and 
less iron in the center, until,in a double- 
shear heat, the fracture shows about 
equal proportions of iron and steel. It 
is important that the transition from one 
to the other should be as gradual as pos- 
sible. When the line of demarkation is 
violent or sudden, the process of conver- 
sion has been carried on too rapidly, and 
bars of blister steel so converted are 
said to be “flushed.” In a steel through 
heat, as its name implies, all trace of iron 
in the fracture has been lost sight of, 
but the crystals of steel are small. A 
short time longer in the furnace will 
make the steel a melting heat ; the crys- 
tals will be large, and in exceptional 
cases their facets will reach across the 
bar. The melting furnace consists of a 
row of oval melting holes, large enough 
to contain two melting pots, one in front 
of the other, and deep enough to allow 
of sufficient coke to cover the lids. From 
each melting hole a flue leads, in old- 
fashioned furnaces, into a flat stack, each 
hole having a separate flue in the stack, 
but many furnaces are now made with 
short flues from each hole leading into a 
main flue which ends in a single square 
chimney. The application of gas to the 
melting of steel has been successful, but 
for the highest qualities coke is princi- 
pally used, as the control which the 
melter has over the temperature of each 
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pot, which sometimes requires “keeping 
back” and sometimes “hurrying on,” 
is supposed to be more absolute. There 
ean be little doubt, however, that the 
adoption of gas melting furnaces is only 
a question of time. The furnace floor is 
on a level with the top of the melting 
holes; and the grate bars, as well asa 
flue leading into the chimney, by which 
the draft may be controlled, are access- 
ible from the cellar. The pots in which 
the steel is melted are generally made in 
a room adjoining the melting furnace. 
They are composed of a mixture of Bur 
ton and Stannington clay, to which is 
sometimes added a proportion of Stour- 
bridge clay, and, if the pots are required 
to stand a great heat, of China clay from 
Devonshire. A small quantity of ground 
coke, as well as of old pots ground, is 
also added. Great care is taken that the 
clay be absolutely disintegrated and per- 
fectly mixed together. This is accom- 
plished by treading it in a trough, the 
potmaker and his assistant kneading it 
with their bare feet. The pots are 
moulded in an iron “flask” by means of 
a wooden “ plug,” and are slowly dried at 
the back of the stack, and the night be- 
fore they are used gradually heated toa 
dull red heat, a process called annealing. 
Pot-making is a very important pari of 
the manufacture of best cast steel. It is 
absolutely impossible to make good cast 
steel if the pots are defective. Each pot 
lasts a single day, and is used three 
times, containing severally about 50, 44 
and 38 lbs. of steel each round. The ob- 
ject of lessening the weight of each suc- 
cessive charge is to bring the surface of 
the molten metal to a different place in 
the pot, because the “flux,” or scum, 
which accumulates on the surface has a 
chemical action on the silica of the pot, 
which is consequently decomposed for 
some depth just at that point, and the 
pot is reduced in thickness. 

The bar steel is first carefully selected 
of the exact temper required, all flushed 
or aired bars are rejected, and after it 
has been broken up into small pieces and 
carefully weighed, it is conveyed to the 
pot, which has already been placed in the 
melting hole, through an iron funnel 
called a charger. The lid is carefully 
adjusted, and the melting hole filled with 
coke. The degree of heat to which 
the furnace is allowed to go is care- 
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fully regulated by the “ puller-out,” 
who is technically said to “work” the 
holes, and who has perfect control over | 
them by means of the two flues, into | 
either of which he can insert a firebrick | 
if required; a brick in the melting hole| 
flue lessens the heat by lessening the| 
draft ; one in the cellar flue increases the | 
heat by increasing the draft. The head | 
melter periodically inspects the pots, and | 
gives the final instructions to the puller- | 
out, and decides the precise moment 
when the steel is dead melted, and the 
holes sufficiently burnt down to allow of 
its being “teemed” or poured into the| 
mould with a fair chance of producing a 
sound ingot. When the “puller-out” 
has put on his “clothes,” by which is| 
meant a series of sacking wraps which | 
envelop the arms and legs, and are soaked | 
with water to protect him from the heat, 
he raises the pot with a pair of “ pulling-| 
out tongs,” and lifts it from the hole to! 
the floor of the furnace. The lid is in- 
stantly taken off with a pair of lid tongs, 
and the scum or flux is removed by a) 
skimmer from the surface of the molten | 
steel, which is then poured into a cast- 
iron mould formed of two halves tightly | 
ringed and wedged together. The in-| 
terior of the mould has been previously | 
*‘ reeked” or covered with a coat of coal- 
tar soot, to prevent the ingot from ad-| 
hering to it. The melting of the higher 
qualities of steel is a process requiring 
the greatest skill, and one of the princi- | 
pal reasons why the trade has become to | 
such a remarkable extent localized in| 
Sheffield, is the importance to this| 
branch of the trade of being able to se-| 
lect from a large class of more or less ex- 
perienced workmen, the few exceptional 
men in whom sound judgment, technical 
skill, and steady habits are combined, 

The chances of. accident in the melting 
of steel are many and various. Not only | 
badly made pots, but badly annealed or 

badly worked pots, are sure to “run,” 

and the steel to be deposited amongst | 
the ashes, where it imbibes so much sul-| | 
phur as to be practically of no value. | 

Should a piece of coke accidentally find | 
its way into the pot, the ingot will show 

a bright sparkling fracture—technically 
speaking it will be said to “stare "—and 
under the hammer will prove “hot short, 

and crumble to pieces. If the steel be 
not long enough in the fire, it will teem 


| sound fracture, 


| ance 
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fiery and produce a honeycombed ingot, 
and the same result will follow if it be 
too hot when it is poured. If it remain too 
long in the fire it will teem “ dead,” “ the 
fracture of the ingot will look scorched,” 
and though exceptionally sound, it will 
be brittle if hard, and wanting in tensile 
strength if mild. If the molten steel be 
chilled before it is poured into the mould, 
which may be detected by the stream 
skimming over as it is teemed, the frac- 
ture of the ingot will appear dull in 
color, and full of small holes or honey- 
combs. 

All ingots having a proportion of 1 per 
cent. or more of carbon, if properly 


| melted with pipe, that is to say, the steel 


in the center of the ingot will settle 
down as it cools, leaving a hollow space 
in the middle at the top of the ingot to 
the depth of from 3 to 5 inches. When 
the ingot has become cold it must be top- 
ped, that is to say, the hollow part must 
be broken off, until the ingot shows a 
and before this fracture 
has had time to rust, the ingots must be 
carefully examined ; the ingots which are 


‘not properly melted must be rejected, 


and the exact percentage of carbon which 
each ingot contains must be marked upon 
it. An experienced eye can judge of the 


| percentage of carbon contained in an in- 


got to a wonderful nicety by the appear- 
of the fracture. Between 1 per 
cent. of carbon and 14 per cent. every 
tenth per cent. is well marked, and an 
experienced hand will detect a difference 
between, for example, 1.3 and 1.35 per 
cent. In order to reduce the ingot of 
cast steel to the size and shape required 
|by the consumer, it must be reheated, 
and, when hot enough, hammered or 
rolled to the dimensions ordered. Great 
care must be exercised in this process 
not to burn or overheat the steel; and, 
to prevent this, the half “cogged” bar 
|must be continually turned round in the 
|fire,and ground firecl: ay or sand and borax 
sprinkled upon it. In many cases it is 
necessary to give the surface of the bar, 
after it has been once drawn down under 
the hammer, a welding or “ wash” heat, 
to close the small honey combs which are 
scattered here and there on the surface 
of the ingot. It is a matter of great im- 
portance, especially with large ingots, 
that they should not be hammered until 
they are thoroughly heated or “soaked ” 
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through, and it is of equal importance to 
all ingots that they should not lie too 
long “soaking” in the fire, especially in 
a dry fire, that is, one without blaze. The 
effect of hammering steel is to make it 
crystallize in very small crystals, a result 
which greatly improves its quality, but at 
the same time exposes it to the risk of 
various accidents in the process. The 
forging, tilting, and rolling of cast steel 
all require very experienced workmen, 
and a considerable outlay of expensive 
machinery. It is seldom that a work- 
man attains exceptional skill in many de 
partments, and great loss is sustained by 
too often changing faces or rolls, so that 
these processes cannot be satisfactorily 
or cheaply carried on upon a small scale, 
and this is one of the chief reasons why 
the crucible cast steel trade has to such 
a large extent become localized in a 
single town. 

It might be supposed that when the 
best quality of iron had been selected, 
and the greatest care used in all the 
processes of manufacture—the convert- 
ing, the melting, and the forging—the 
result must of necessity be good steel, 
and the troubles of the steel manufac- 
turer would be over. But this is not the 
case by any means. So far from being 
over, the greatest difficulty has yet to be 
faced. The result may be good steel, 
but good steel only for certain purposes. 
There was a time, in the golden age of 
steel manufacturing, when steel was 
steel; and if it did notanswer the purpose 
for which it was required, it was taken 
for granted that the fault lay with the 
workman. In some cases the manufac- 
turer altered the percentage of carbon ; 
but the “temper” of the steel was kept 
a profound secret from the consumer— 
in most cases, no doubt, because the 
manufacturer had very vague ideas on 
the subject himself. Chemical analysis 
was unknown in the trade ; the despotic 
sway of the rule of thumb reigned su- 
preme. Now it is customary for the 
manufacturer to take the customer into 
his confidence, and not only to inform 
him of the percentage of carbon which 
the steel contains, but also to give him 
the benefit of his opinion as to the pur- 
poses for which it is or is not suitable. 
Formerly, if the consumer discovered 
that chisel steel contained less carbon 
than tool steel, he owed his discovery en- 
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| tirely to his own wit. There can be no 

doubt that for many purposes a consid- 
erable latitude may be permitted, if the 
steel has the good fortune to fall into the 
hands of a clever workman who under- 
stands how to “humor” it, but next to 
quality—by which is meant percentage of 
phosphorus, sulphur, &c., combined with 
some other obscure points of crystalliza- 
tion—the most important thing is tem- 
per, or percentage of carbon. For some 
purposes, indeed, temper is of more im- 
portance than quality. Nothing is more 
common than for steel to be rejected as 
bad in quality, because it has been used 
for a purpose for which the temper was 
unsuitable. We may divide consumers 
of steel into three classes. First, those 
who use their own judgment of what per- 
centage of carbon they require, and in- 
struct the manufacturer to send them 
steel of a specified temper ; second, those 
who leave the selection of the temper to 
the judgment of the manufacturer, and 
instruct him to send them steel for a 
specified purpose ; and third, those who 
simply order steel of a specificd size, 
leaving the manufacturer to guess for 
what purpose it is required. Fortunately, 
the size and shape generally furnish some 
clue to the purpose for which it is likely 
to be used. For example, oval steel is 
almost sure to be used for chisels, and 
small squares for turning tools, but 1} 
square may be used for a turning tool or 
a cold sett, or 14} round for a drill or a 
boiler cup, and the manufacturer has to 
puzzle his brain to discover whether the 
chances are in favor of its being used 
in the lathe room or in the blacksmith’s 
shop. It cannot too often be reiterated 
of how much importance it is, when 
ordering steel, to state the purpose for 
which it is going to be used. Of course 
the number of tempers of steel is infinite, 
but the following is a list of the most 
useful : 


Razor temper (14 per cent. carbon).— 
This steel is so easily burnt by being 
over-heated that it can only be placed in 
the hands of a very skillful workman. 
When properly heated, it will do twice 
the work of ordinary tool steel for turn- 
ing chilled rolls, &c. 


Sawfile temper (12 per cent. carbon).— 
This steel requires careful treatment ; 
and although it will stand more fire than 
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razor-steel, should not be heated above a | 
cherry-red. 

Tool temper (1} per cent, carbon.)— | 
The most useful temper for turning tools, 
drills, and planing-machine tools in the 
hands of ordinary workmen. It is pos- | 
sible to weld cast steel of this temper, 
but only with the greatest care and 
skill. 

Spindle temper (1! per cent. carbon).— 
A very useful temper for circular cutters, 
very large turning tools, taps, screwing 
dies, &c. This temper requires consider 
able care in welding. 

Chisel temper (1 per cent. carbon).— 
An extremely useful temper, combining 
as it does great toughness in the unhard- 
ened state, with the capacity of harden 
ing at a low heat. It is consequently well 
adapted for tools when the unhardened 
part is required to stand the blow of a 
hammer without snipping, but where a 
hard cutting edge is required, such as 
cold chisels, hot setts, &c. 

Sett temper ({ per cent. carbon).—This 
temper is adapted for tools where the 
chief punishment is on the unhardened 
part, such as cold setts, which have to 
stand the blows of a very heavy ham- 
mer. 

Die temper (? per cent. carbon).—The 
most suitable temper for tools where 
the surface only is required to be hard, 
and where the capacity to withstand great 
pressure is of importance, such as staump- 
ing or pressing dies, boiler cups, &c. 
Both the last two tempers may be easily 
welded by a mechanic accustomed to weld 
cast steel. 

It is a somewhat remarkable fact that 
although steel is intermediate in chemical 
composition between wrought iron and 
cast iron, containing more carbon than 
the one and less than the other, its prop- 
erties are quite different from either of 
them. It may be made to resemble either 
of them alternately, but it is principally 
used in a third condition, in its capacity 
to assume which the great value of steel 
consists. Annealed steel has nearly all 
the properties of lead, being very soft 
and malleable. Hardened steel has near- 
ly all the properties of glass, being very 
hard and brittle. Tempered steel has 
most of the properties of whalebone, be- | 
ing hard but at the same time elastic. | 
The chemical change which takes place | 
during these processes has not yet been 

Vou. XXXI.—No. 6—35 


505 


CRUCIBLE CAST STEEL. 


discovered. We might evolve a very 


|pretty theory to account for it, by as- 


suming that in the process of annealing 
some of the combined carbon was liber- 


\ated, and existed in the steel in the form 


of free or uncombined carbon; but such 
a theory only explains part of the facts, 
and is not, I am afraid, borne out by the 
results of chemical analysis, so that we 
must fall back upon the mysterious and 
unknown laws of erystalization. The 
effect cannot be due simply to the in- 
creased density of the hardened steel 
caused by the contraction of the steel by 
sudden cooling. It is a remarkable fact 
that the specific gravity of hardened 
steel is less than that of unhardened steel. 
Steel, of course, expands with heat, and 
when it is allowed to cool slowly regains 
its original size; but if it be cooled sud- 
denly, the only known way in which it 
can be hardened, although it contracts 
very much, it does not quite reach the 
small size of the unhardened state. How- 
ever complicated the details of the manu- 
facture of cast steel may be the complica- 
tions involved in its subsequent use are 
still greater. It would be impossible to 
lay down exact rules for each of the 
thousand and one tools in which steel is 
used. The treatment of each tool in 
each process which it undergoes is an art 
that can only be learnt by practice, and 
can no more be taught in a book than the 
arts of skating, riding, or swimming. The 
utmost that can be done is to lay down 
certain general rules, which may explain 
to some extent, if they fail to teach, the 
most important details of manipulation. 
All steel may be regarded as involving a 
question of compromise. Each tool re- 
quires a certain degree of hardness ; the 
problem is how to secure the maximum 
amount of toughness that is compatible 
with it. Tio secure this, the first step 
that must be taken in bringing the steel 
into the shape required is tu heat the 
steel as little as may be before it is 
forged, and in the process of forging to 
hammer it as much as possible. The 
worst fault that can be committed is to 
heat the steel more than is necessary. 
When steel is heated it becomes coarse- 
grained ; its silky texture is lost, and can 
only be restored by hammering or sud- 
den cooling. If the temperature be 
raised above a certain point, the steel be- 
comes what is technically called “ burnt.” 
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and the amount of hammering which it 
would require to restore its fine grain 
would reduce it to a size too small for the 
required tool, and the steel must be con- 
demned as spoilt. Overheating in the 
fire is also the primary cause of cracking 
in the water. One of the principal rea- 
sons why a high quality of steel is re- 
quired for certain purposes is, that it will 
suffer less injury by being heated to a 
greater degree, or by being heated and 
reheated a greater number of times, than 
inferior qualities of steel. In heating steel 
the happy medium must be attained be- 
tween heating it too much or too little, and 
between letting it lie too long “ soaking” in 
the fire and not “soaking” it through. 
Both the degree of temperature and the 
duration of the heat must be carefully 
watched. Some tools, such as circular 
cutters, files, &c., after they are forged 
into the shape required, must have teeth 
cut into them. Before this can be suc- 
cessfully accomplished a preliminary 
process has to be gone through. The 
process of hammering or forging the 
steel into the shape required has hard- 
ened it to such an extent as to make the 
cutting of teeth into it impossible or 
difficult, and it must consequently be an- 
nealed. This process consists in reheat- 
ing the steel as carefully as before, and 
afterwards allowing it to cool as slowly 
as possible. Many tools are only required 
to be hardened on a small part of their 
surface, and it is important that the un- 
hardened parts should possess the maxi- 
mum amount of toughness, the minimum 
amount of brittleness that can be at- 
tained. The process of annealing, or 
slow-cooling, leaves the steel coarse- 
grained, gives it its maximum of ductil- 
ity, and causes it, in fact, to approach in 
its properties those of lead. 

The last process in the manufacture of 
articles made of steel, where the invalu- 
able property which distinguishes steel 
from wrought iron or cast metal is re- 
vealed, is the double process of hardening 
and tempering, by which we suddenly 


change the steel from lead into glass, and’ 


afterwards gently change the glass into 
whalebone. In these as in all other 
processes which steel has to undergo, it 
has again to run the gauntlet of fire. It 
does so, however, at much greater risk 
than heretofore. 


| shape to which it was destined ; and any 
| injury which may be done to it by over 
heating is irrevocable, and can no longer 
be cured or mitigated by the hammer. It 
is necessary, therefore, to double and re 
double the care bestowed upon the heat- 
ing of the steel, lest the temperature be 
raised beyond the point necessary to se- 
cure the required hardness. The part of 
the stee] required to be hardened must 
be heated through and heated evenly, but 
must on no account be overheated. The 
tool must be finished at one blow, the 
| blow caused by the sudden contraction 
of the steel produced by its sudden coo! 
ling in the water, and if this blow be not 
sufficient to give to the steel a fine grain 
and a silky texture, if after the blow is 
given the fracture (were the tool broken 
in the hardened part) would show a 
coarse grain and dull color instead of a 
fine grain and glossy luster, the tool 
spoiled, the labor bestowed upon it 
thrown away, and it must be consigned 
to the limbo of “ wasters.” The special 
dangers to be avoided in hardening each 
kind of tool must be lezrned by experi 
ence. Some tools will warp, or “ skeller,” 
as we say in Yorkshire, if they are 
not plunged into the water in a certain 
way. Tools of one shape must cut the 
water like a knife ; those of another shape 
must stab it like a dagger. Some tools 
must be hardened in a saturated solution 
of salt, the older the better ; whilst others 
are best hardened under a stream of run- 
ning water. Most tools have a tendency 
to water-crack if taken out of the water 
before they are absolutely cold. Where 
the edge of a tool only is hardened care 
should be taken to move it up and down 
in the water, so as continually to change 
the water level lest the tool should crack 
at the water level. Steel contracts in 
hardening, and contracts differently 
where it is cooled suddenly from the 
places where it is cooled slowly. If the 
hardened part joins the unhardened part 
too suddenly, the steel at the junction 
will be in a dangerous condition of ten- 
sion, which predisposes it to crack, and it 
is wise to lessen the amount of tension 
by distributing it over as great an area as 
possible. In some tools, where the shape 
necessitates a great difference in the 
'rapidity of the cooling of the various 


1S 


is 


The forging of the | parts, it is often wise to drill holes in the 


tool is finished; it has taken the final | thicker parts, where they will not inter- 
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are made neither for use nor ornament, 
but solely with a view of equalizing the 


rapidity of the cooling of the various | 


parts, so as to distribute the area of ten- 
sion, and thus lessen the risk of cracking 
in hardening. So many causes may pro- 
duce water-cracks, that it is often diffi- 
cult to point out the precise cause in 
any given case. The most common 
cause is the overheating of th steel in 
one or other of the various processes 
through which it has to pass. A second 


cause may be found in the over-melting | 
or too long boiling of the steel, causing | 


it to part with too much of its occluded 
carbonic acid, a fault which may be 
attributed to the anxiety of the manufac- 
turer to escape honeycombs in the ingot. 
A third cause may sometimes be discov- 
ered in the addition of too much man- 
ganese, added with the same motive. A 
fourth cause may, curiously enough, 
prove to be a deficiency of carbon, one of 
the most common causes of water-crack- 
ing in files; whilst in some cases too 


much carbon will produce the same effect. | 


A fifth cause may be one which, as a steel 
manufacturer, I ought to mention in a 


whisper—the presence of phosphorus in | 


the steel ; but, after all, this may not be 
the fault of a too greedy manufacturer, 
who wants to make too much profit; it 
may possibly be the fault of a too stingy 
consumer, who will not pay a price suffi- 
cient to admit of a good quality of iron 
being used. There is nothing so dear as 
cheap steel. It must be more economical 
to put five shillings’ worth of labor upon 
steel that costs a shilling, to produce a 
tool that will last a week, than to put the 
same value of labor upon steel that costs 
only ninepence, to produce a tool that 
will only last a day. The system adopted 
by some large consumers of buying best 
tool steel by tender, is one which in too 
many cases defeats the object for which 
it was instituted, and by lessening the 
price, and consequently deteriorating the 
quality, causes the steel bill to be appar- 
ently lessened at the cost of the labor 
bill, so that extravagance instead of 
economy is the result. In fact, it is an 
illustration of the proverb about being 
“penny wise and pound foolish.” Scores 
of firms in the steel trade habitually 
offer best cast steel at prices varying 
from forty to forty-five pounds a ton. 


fere with the use of the tool—holes which 
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| The statement that the steel supplied is 
| the best that can be made may be accu- 
rately described by an ugly little word of 
three letters, and the firms which make 
it are liable to be suspected of “ voluntary 
inaccuracy.” 

The culminating point in the manufac- 
ture of tools made from steel, the final 
process which gives to them their most 
valuable properties—properties possessed 
by no other metallic substance—is that 
of tempering. The steel was originally 
‘lead; the process of hardening has 
turned it into glass ; but we do not want 
glass—it is too brittle; we want whale- 
bone. An unhardened knife would bend 
like wrought iron ; a knife hardened only 
would break like cast metal. We want 
the elasticity of the whalebone. Our 
| knife must spring like—like what ?—like 
steel. To attain this quality it must be 
tempered. If a piece of hardened steel 
be heated slightly and then allowed to 
cool, it becomes tempered. It suddenly 
changes from glass to whalebone, and in 
the process of changing its nature it 
fortunately changes its color, so that the 
workman can judge by the color which it 
has assumed the extent of the elasticity 
which it has acquired, and can then give 
to each tool the particular degree of tem- 
| per which is most adapted to its special 
‘purpose. The various colors through 
which tempered steel successively passes 
are as follows—straw, gold, chocolate, 
purple, violet and blue. Of course in 
passing from one color to another, the 
steel passes through the intermediate 
colors. It really passes through an in- 
finite series of colors, of which the six 
above mentioned are arbitrarily selected 
as convenient stages. It must be borne 
in mind that the elasticity of tempered 
steel is acquired at the expense of its 
hardness. It is supposed that the maxi- 
mum of elasticity and hardness com- 
bined is obtained by tempering down to 
a straw color. In tempering steel, re- 
gard must be had to the quality most es- 
sential in the special tool to be tempered. 
For example, a turning tool is required 
to be very hard, and is generally taken 
hot enough out of the water to temper 
itself down to a degree so slight that 
no perceptible color is apparent; whilst 
a spring is required to be very elastic, 
and may be tempered down to a blue. 
|Hardening in oil is a mode of treating 
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steel which is of special value for certain 
tools, and appears, to a certain extent, to 
attain by one process the change from 
lead into whalebone without the passage 
through the intermediate glass stage. It 
is unfortunately not yet possible to give 
any scientific explanation of the change 
which takes place in the hardening and 
tempering of steel. All that chemists 
can yet do is to mystify their readers by 
writing unintelligibly about molecular 
rearrangement and crystalline transforma- 
tion. 

In speaking of the various foreign 
substances which are found in cast steel, 
I have confined myself, for the most part, 
to those which are supposed to be inju- 
rious to its quality; but before I close 
my paper, a word or two must be said 
upon the various materials which are add- 
ed to cast steel with the intention of im- 
proving it. If the steel manufacturers of 
Sheffield are not doctors of chemistry, 
they most of them practice as quacks. 
It has ever been a darling dream of the 
Sheffield steel melter to discover some 
substance—some philosopher's stone— 
which will transmute common cast steel 
into best cast steel. The various sub- 
stances used in the melting of cast steel, 
and supposed to have a chemical effect 
upon the material melted, are known by 
the technical name of “physic.” The 
most universally used of these is perox- 
ide of manganese, mixed with a little 
ground charcoal. Common salt, rock 
salt, salammoniac, chromate of potash, 
prussiate of potash, and even ground 
fluor spar and broken glass, form ingre 
dients of the physic used by some steel 
melters. Manganese, either in the form 
of spiegeleisen, or of ferro-manganese, is 
also largely used, and has a definite effect 
upon the steel, it prevents, to a large ex- 
tent, the formation of honeycombs in the 
ingot, and increases the welding capacity 

f the steel ; it gives the steel a greater 
tenacity when hot, so that it may be heat- 
ed to 1 greater heat without cracking un- 
der the blow of the hammer or the ten- 
sion of the rolls; but it must be very 
cautiously used, as it undoubtedly in- 
creases the brittleness of the steel, and 
its tendency to water-erack, if it be added 
in the melting pot, instead of being pre- 
viously suffused through the iron. Sili- 
con is even more dangerous; it causes 


it materially assists its capacity to receive 


a high polish; it increases its soundness, 
but makes it more brittle. Wolfram, or 
tungsten, added in the form of a metallic 
alloy, is used to a considerable extent in 
the manufacture of a special steel, some- 
times called Musbet steel, which is fre- 
quently made so hard that it does not re- 
quire to be hardened. It is used princi- 
pally for turning tools, which, in conse- 
quence of the temper of the steel not 
being liable to injury by heat, can be 
driven at a higher speed than usual. 
Special steel of this kind is the finest 
grained that can be produced, but is so 
brittle that it can only be used by excep- 
tionally skilled workmen. Chromium is 
sometimes used instead of wolfram, and 
it is said that titanium is also employed, 
but I am not aware that any of the latter 
metal has yet been detected in steel by 
chemical analysis. A special steel for 
taps, calléd mild-centered cast steel, is 
made by converting a cogged ingot of 
mild cast steel so that the additional car- 
bon only penetrates a short distance. 
These bars are afterwards hammered or 
rolled down to the size required, and 
have the advantage of possessing a hard 
surface without losing the toughness of 
the mild center. 

It is much to be regretted that no 
easy method of testing cast steel has 
been invented. The amount of breaking 
strain, and the extent of the contractions 
of the area of fracture, give valuable in- 
formation respecting iron or steel which 
is not hardened, and is not required to be 
used in a hardened state, but for hard- 
ened and tempered steel they are practi- 
cally useless. Itis very difficult to harden 
and temper two pieces of steel to ex- 
actly the same degree. A single test is 
of comparatively small value, as a second- 
rate quality of steel may stand very well 
the first time that it is hardened, but de- 
teriorates much more rapidly every time 
it is rehardened than is the case with 
steel of a high quality. Nor is the 
breaking strain a fair test of the quality 
of cast steel. For many tools the ca- 
pacity to withstand a high amount of 
breaking strain, slowly applied, is not so 
much required as its capacity to with- 
stand a sudden shock. The appearance 
of the fracture of cast steel is also very 
illusory. The fineness of the grain and 


the steel to crystallize in smaller crystals ; | the silkiness of the gloss are very capti- 
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vating to the eye, but can be produced | swimming. To arrive at perfection in 


by hammering the bar until it is almost 
cold. 

The consumer of steel may be en- 
raptured, if he be of a poetical turn of 
mind, by the superb fracture of a bar of 
steel, reminding him of a picture by 
Ruskin of the aiguille structure of the 
higher Alps. But, after all, this is only 
a dodge, depending upon the inclination 
of the axis of the revolving hammer to 
the plane of the anvil. The practical 
consumer of steel must descend from the 
heights of art and science and take 
refuge in the commonplace of the rule of 
thumb, and buy the steel which he finds 
by experience to be full of “ nature ” and 
“body.” If I have been successful in 
my attempt to explain the art and mys- 
tery of crucible cast steel making, you 
will have understood that the converting, 
melting and forging of steel are three 
arts, each of which requires as much 
dexterity as the arts of skating, riding or 





these arts is difficult to those who do 
not inherit from skilled ancestors the fa- 
cility to learn them; hence the trade has 
become localized in a few centers, of 
which Sheffield is the oldest and by far 
the most important. The arts of forg- 
ing, hardening and tempering, which are 
necessary for the further manipulation 
of the steel after it leaves the hands of 
the manufacturer in Sheffield require 
equal dexterity, so that the art of steeF 
making, if not mysterious, is very compli- 
cated. The real mystery lies in the 
chemical explanation of the effects pro- 
duced, and when chemists have explained 
the phenomena of hardening and temper- 
ing steel, they may possibly discover why 
cast steel made from Dannemora iron is 
superior to the imitations of it. At pres- 
ent I presume that the candid chemist 
must admit that there are more things in 
best crucible cast steel than are dreamt 
of in his philosophy. 


THE CAUSES AND REMEDIES OF CORROSION IN MARINE 
BOILERS. 


By J. HARRY HALLETT. 


From “ Iron.” 


Marine engineers are all striving in| 
various ways to attain increased economy | 
Among other means | ferent parts of the boiler, in different 
| ways, and from various causes. 


of fuel in steamers. 
of doing so, triple-expansion engines of 


corrosion is well known to be most erratic 
in its action; it attacks the metal in dif- 


The 


high initial pressure are being introduced, | principal sources of corrosion, however, 
which appear to be gaining much favor, | may be discussed under the two heads of 
and will no doubt in time supersede the | defective design and defective manage- 
ordinary two-cylinder type. The in- paagend: which is equivalent to saying that 


creased pressure of steam evidently ren- 
ders it necessary to be still more guarded 


than hitherto as to the deterioration of | 


boilers. Steel boilers are now in very 
general use, and there can be no doubt as 
to their efficiency ; but the writer’s experi- 
ence is that they are equally liable with 
iron boilers to corrosive influences. On 
careful scrutiny he has found in steel 
plates severe corrosion concealed by a 
very slight scale, upon the removal of 
which the plate has proved to be covered 
with a black substance, probably a black 
oxide of iron. In many cases a casual in- 
spection may fail to detect this. Internal 





an ordinary marine boiler will hardly be 
subject to corrosion at all, if well designed 
and well managed. 

Desien.—The most frequent fault of 
design which bears upon corrosion is the 
want of sufficient space for allowing a 
thorough examination to be made of every 
part of the boiler. The tubes are often 
placed so far out in the wings that it is 
impossible to get down to look at the 
sides of the furnaces, or so close to the 
furnace crowns that there is no room to 
get over these. It would be preferable 
to allow at least nine inches between each 
furnace crown and the bottom row of 
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tubes, especially as this row is not useful | 
as heating surface when placed so close | 
down to the crown. The manholes are! 
often inconveniently placed and made too | 
small, which always affords an excuse for 
want of proper attention on the part of 
the men in charge. Manholes should al- 
ways be fitted in the wings if the size of | 
boiler will allow. There can be no doubt 
that the best way to prolong the life of a 
boiler is to watch it carefully and constant- 
ly, so as to note the commencement of 
deterioration and take steps to check it. 
In any part which cannot be seen, it is 
impossible to know what is going on. An- 
other fault of design, which easily escapes 
notice until too late, is the pitching of the 
steam-space stays, so that one or perhaps 
several of them come over a space, instead 
of over a tube, thus rendering the effec- 
tive use of the scaling tool very difficult, 
or even impossible in that particular verti- 
cal space. With the object of securing the 
conventional 20 square feet of heating sur- 
face per horse-power, the tubes are some- 
times too closely pitched, which causes 
bad circulation, besides rendering the 
spaces liable to become soon choked with 
seale. The tubes should never be less 
than 1} inch apart, both vertically and 
horizontally. 

ManaGement.—The first point to be 
looked to in the manayement of a boiler 
is the circulation. In an ordinary multi- 
bular marine boiler the circulation takes 
place by the water ascending from the 
furnace crowns, and from the sides, backs, 
and fronts of the combustion chambers, 
and descending at the wings; the tubes do, 
of course, somewhat obstruct the upward 
current. There tan be no doubt that the 
coolest places in the boiler are those 
where the circulation is most defective, 
as is naturally the case below the level of 
the fire-bars. The water in this part of 
the boiler always contains the greatest 
percentage of solid matter, and here the 
greatest deterioration may, therefore, be 
expected to be found. Double-ended 
boilers are not only subject to the same 
corrosive action as single-ended ones, but 
being longer they are also more prone to 
suffer from racking strains, due to the 
difference of temperature between their 
upper and lower parts. One method of 
reducing this difference as far as possible, 
is to fit the internal feed-pipe so that it is 


led along on a level with the upper tubes, | 


so as first to warm the water inside it, 
and is thence carried down so as to dis- 


‘charge the warmed water in a horizontal 


direction at the bottom of the boiler. The 
scum pipe should be fitted with a pan, 
shaped like an inverted saucer, and placed 
just above the level of the water for the 
scum to collect under it; and it should 


‘always be blown off upon raising steam, 


and also about once a day when under 
weigh. The blow-off cock should either 


| be attached at the bottom of the boiler, 


or else an internal pipe should be fitted 
to it, reaching down to the very bot- 
tom. Salt is not deposited until the 
density of the water exceeds 4-32ds by 
the salinometer, that is, until there is 
more than 4 lbs. of salt in 32 lbs. of water ; 
beyond this proportion the deposition 
of salt then begins upon the furnace 
crowns, &c. It is recommended that the 
opportunities occurring from time to time 
by the engines being stopped should be 
taken advantage of for pumping up the 
boiler to the top of the gauge glass, and 
then blowing it down to the bottom of 
the glass. This, repeated about twice or 
thrice on each occasion, will work won- 
ders. The great usefulness of this plan 
arises from the fact that while the engines 
are stopped there is little or no steam be- 
ing made, and therefore no solid matter 
is being deposited from the water; so that 
the extra feed-water pumped in at that 
time does much more to freshen the boil- 
er than it would if the engines were at 
work. When in charge of the engines of 
a steamer on a voyage from England to 
Rangoon, calling at several ports on the 
yay, and thence to Venice, the writer 
kept water in the boilers continuously 
during the whole round; that is to say 
the boilers were never entirely run out 
and refilled, but were blown down from 
time to time as above described. They 
were under steam about seventy-two 
days, and upon being opened out at the 
end of that time had only a slight scale 
upon them of uniform thickness, and no 
indication of pitting or corrosion. 

The mode of treatment adopted by the 
writer for new boilers is to have them 
well washed out before filling, then to 
run them up, and when they are filled 
with water up to the normal height, to 
throw into each through the top manhole 
about a bucketful of common soda. When 
steam is raised to about 30 lbs. per square 
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inch, blow out a little through the scum 
cock. Before adding any more water, 
start the feed donkey, and let it deliver 
for sometime over the side of the ship, so 
as to get rid of any dirt, &c., in the pump; 
this is a very useful precaution to observe 
whenever the feed donkey is employed. 
After starting the main engines, let them 
run at first with the feed water overflowing 
from the hot well into the bilges; this 
will clear the condenser. When under 
weigh, it is advisable to use the blow- 
down cocks sparingly. The appearance 
of the water in the gauge glass shows at 
a glance the state of the water in the boil- 
er; if the glass is at all dirty inside, that 
is proof positive of the water not being 
clean enough ; and this can be cured by the 
use of the scum cock. In a double-ended 
boiler a scum pipe should be fitted at 
each end. The scum pipes are sometimes 
so fitted that their position can be altered 
to suit the trim of the ship, which is a 
point of far more importance than is gen- 
_ erally imagined. After a run, when steam 
is finished with, the water should be 
blown out from the bottom and the boilers 
then kept thoroughly dry. Before refilling 
they should be carefully swept down in- 


11 


supervision. Another great evil is raising 
steam too quickly, and blowing out under 
too yreat a pressure, which cannot be too 
strongly condemned. Corrosion in the 
upper parts of the boiler is principally 
caused by the introduction of oil, tallow, 
and other greasy substances from the en- 
gines. In all the steamers with which 
the writer is connected he has discarded 
the use of all oil or other lubricant in the 
cylinders, with the most satisfactory re- 
sults. 

Various remedies have been suggested 
for preventing corrosion; among others, 
air-extractors and circulating tubes. Zine 
has been tried, both cast and rolled, and 


‘some engineers report favorably on its 


use; but to make it effective, very large 
quantities must be used, as it so quickly 
oxidizes, and thus loses its protective 
qualities. The electrogen of Mr. Han- 
nay’s invention, which is rapidly gain- 


ing favor, is a very simple little appliance, 


side, and washed out. There is no doubt 


that one of the most active causes of de- 


! 


terioration in boilers is the want of proper | 


care in their treatment. Cases have come 
under the author’s notice of boilers being 
blown down as far only as the level of 
the bottom manholes, and refilled, with- 
out care being taken to draw the water out 
of the bottoms. This process having been 
frequently repeated, the water at the bot- 
toms became so impregnated that the 
heads of the rivets and the lower half of 
the compensating rings round the man- 
holes were corroded away, while the other 
parts of the boilers were in good condi- 
tion. Many good boilers are ruined 
through careless management, and the 
makers are wrongly charged with allow- 
ing their work to come from the shop 
not properly finished. 
out of numerous cases met with, is that 


Another example, | 


and, as far as the writer has experimented 
with it, is very effective. The principle 
upon which it works is the setting up of 
a small galvanic battery in the boiler, by 
mans of a ball of zine cast upon a copper 
bar, and then hammered, to make it more 
impervious to the action of the water; on 
2ach end of the copper bar a wire is sol- 
dered, and the two wires are again soldered 
to different parts of the boiler, so as to ob- 
tain metallic contact. Boilers which had 
shown a tendency to corrosion looked 
quite healthy in a very short time after 
these appliances had been fitted to them. 
Marine boilers are not troubled with much 
external corrosion, especially modern boil- 
ers, because much more care is now taken 
in fitting them into the ships than was 
formerly the case. They are now prop- 
erly coated, and are not fitted too close 
down to the bottom of the ship, plenty of 
room being allowed for access to the 
seams. But that all the mischief to be 
contended with is not confined to the 
waterside of the boiler is shown by the 
following incident. Some four anda half 


| years ago the writer was called in to sur- 


of a pair of boilers which were fitted some | 
little time ago with hydro-kineters, or in- | 


ternal steam-jet nozzles for stimulating 
the circulation of the water in the cooler 
places below the furnace flues. Upona 
recent examination the valves of these 
appliances were found to be hard and 
fast, in consequence of carelessness in 


vey a boiler that had exploded and killed 
the chief engineer and firemen. Upon 
examination it was found that the bridges 
had been built up close to the backs of 
the combustion chambers; the dirt, &c., 
had been allowed to accumulate for some 
time, and corrosion had been going on 
upon both sides of the plate without be- 
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ing noticed. After the accident, when all 
had been cleared away, the iron was found 
to have oxidized so much that in some 
parts it was barely 1-16th of an inch thick ; 
hence the explosion. The backs had been 
so built up for the express purpose of 
economising fuel; but experience goes to 
prove that this is a fallacy, and many cases 
could be mentioned where similar bridges 
have been taken out without making any 
difference in consumption of fuel, except 
that, if anything. the economy had been in 
favor of their absence. There is nothing 
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like cleanliness to prolong the life of a 
boiler. When a vessel 1s to be laid up, a 
good plan is to pump the boiler full up to 
the very top of the dome, and keep it so 
until it is again required. Another meth- 
od of preserving a boiler not in use is to 
empty it and clean it thoroughly, then 
close ail the manhole doors except one at 
the bottom, put in a small stove full of 
burning coke, and close up the bottom 
door quickly. The object of both these 
methods is, of course, to exclude air as 
thoroughly as possible. 


GENERAL DISCUSSION OF WIND PRESSURE UPON SPHERI- 
CAL, CYLINDRICAL, AND CONICAL SURFACES. 


By P. H. PHILBRICK. 


Written for Van NostTRANbD’s ENGINEERING MAGAZINE. 


Let XYZA represent one fourth of the | 
windward half of a spherical dome; XA 
the direction of the wind, inclined to the | 
horizon at angle a; cde and c’e’ two arcs 
near together in planes parallel to YAZ, | 
and O the center of cde. | 


| 
| 


| 


| 


OAc=i cAc’=di, r= radius of the dome. | 

Let P equal the pressure upon a unit | 
of plane surface normal to the direction | 
of the wind; N = the normal pressure | 
upon any surface; X, Y, Z, the x, y and z 


components of the pressure. | 


. <a Y , 
We have, co=—r sin. 7, ede=> r sin. 7, | 


ce’=rdi; 
.. the area of the band ; 


|=Pzar 


(1) 


— ies — 
cde c’e =_r sin. 7 di. 


According to Duchemin (see “ Annals 
of Mathematics,” vol. 1, No. 2, p. 47) the 
pressure upon a unit area of surface is 

r - bei 7 j -neid 
1+} tan?? i being the angle of incidence. 
Hence the pressure on the band is 


édN=-— a 
1+4 tan.’ 


=Pz27 


7 sin. idi= 
2 

. sin. idi i 
2+ tan? (*) 

, cos.*¢ sin. i di 


1+ cos.*7 
Par'( 


d cos. 7 F r 
eo, aie cos. i) (3) 


d cos. 7 


|... N=Par S (Gs -4 cos. i)— 


TT 


( 5: 3 
=Pz?’ ’ tan. cos. i—cos. 7 ( 3 


=Par'(1 — 4) =.4292 Px}ar'= 
=.6742Pr’. 


On the dome the pressure is 
4 N=.4292 P x 277°=1.3484 Pr’. (6) 
The average normal pressure is, there- 


fore equal to .4292 P=(2—4)P. 





To find X. We have, dX=dN cos. 7; 
*. from (4), 


. cos. id cos. 7 
X=Par' /(“ ——cos. id cos. i) 
1+cos.7i 


7 


log.(1 + cos.*7) —cos.*7 ¥ 


=$Par*) 


=4Pzr* (1—log. 2)=.6136 

P x4a2r°=.4821 Pr’ 

For the whole wind pressure 
4X=.6136 P x 2r*=1.9284 Pr? (8) 


Hence the X component of the press- 
ure is equivalent to a pressure of .6136 P 
on each unit of the meridian plane YAZ. 

The horizontal shearing strain between 
the dome and its supports, which is equal 
to the transverse shearing strain of the 
supports, is evidently=4X cos. a. 

The moment of the wind pressure about 
the foot of the supports is equal to 4X/ 
cos. a, A being the height of the supports. 


(7) 


TO FIND THE COMPONENT Z. 


The pressure on the band being con- 
stant the Z component of that pressure 
will be equal to the pressure multiplied 
by the length of the average ordinate 
(z say), divided by rv. This ordinate is 
equal to the distance of the center of gray- 
ity of the quadrant cde from co. 

2 ~ 

Now, z=— Oe=—* sin.i, — 

1 1 r 


~ . 
=—SIM. 2. 
7 


Ate oli als 
, cos.’7 sin.?é di 
Hence, by (3), Z=2Pr’ oe 
1 + cos.72% 
sin.’i—sin.*7 
1+ cos.*7 


9 
a a? a 3. — a . _ 
—2 Pr S (sin. i+] ve di, by 
partial fractions. 


=2P, (9) 


NS free secay ap PAV Bais 
=2Pr 4 |S (sin. é+1) ik ies 


-f- av2di | » similarly. 
/2—sin.i | . 
di 2 
Now, J rani Gh 
V9 ten 64 | =2ta 
1 (tan. 5+) n. 


(2—1)% 
\v2 (tan. s+ 24) 


(10) 


~ 
tan. 





-1 


_GENER AL DISCUSSION OF WIND PRESSU RE. 


Similarly, i 


4/2—sin.i 


i—sin. 7 cos.7 
— 


_ 


*, Z=2P/* 


i l 
a+ 


of 
+i—4/2 tan 12 (tan. 


t 
an. - 


1 
—/Q tan. 4/2 ( 


== § man é tan. 


-1 
— 4/2 tan. (2-1 ) | =2P 
(7-23 tan. 1) 
4 
=2P," (Fa o= >)=3 > 77” ‘(8 —24/2) 
=.3432 P x dar? =.2695 Pr*. (11) 
The Z components of the pressure, 
above and below the plane XAY, are each 
equal to 2Z=.5391 Pr’ (12) 
Similarly the Y components on either 
side of the plane XAZ are each equal to 
2Y =.5391 Pr”. (12) 
The wind tends, therefore, to compress 
and distort the dome laterally and verti- 
cally, but not in the direction of the wind. 
For a hemispherical dome, with the 
wind horizontal, we have from equations 
(5), (7) and (11), 
2N =.4292 Pzr’ (13) 
2X=.6136 P4mr*? . . (14) 
2Z=.34382 Phar*® . . (15) 
Y=.3432 Piar’ (16) 


In this case the additional Joad due to 
the wind pressure is, .3432 P4zr’, given 


by (15). 


TO FIND THE POINT OF APPLICATION OF X. 


The moment of dX about A is equal to 
dX multiplied by the distance of the center 


of gravity of cde from cO. 
bate a ee ee cos. 
1 n a 


i¢ sin. 7d N. 
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Hence, by (3) we have, M=2 Pr’* 
sin.*7 cos.*é di 


~ 1+¢0s.? i 


sin.*7 cos.*7 di ° . 
— — —= f cos. é 
1+cos.’7 


2 cos.77 en 
—_—_—_— —cos.77}di= 
1+cos.*2 


(17) 


Now 
e 


‘ ee 
= . . 2 cos 
= J (2 cos.i — cos.*4 ———— ) 

e 


» mm BGS 
1+ cos.*7 


e 
= Pe (2 cos.é—cos.*/) di—2 


S d sin.é 
2—sin.?i 
lect. :.. 810.4 con.*s 
} 2 sin.i—_ 
l 
[ log. (,/2—sin. ¢)— 


(18) 


3 


—$sin.i+—_ 
y4 


[log. (,/2+sin.7)] } 
| 


° 


J 


(19) 
af 1) va+l_4 1 
37 4/2 ,/2-1° 3° 4/2 
log. (8+ 2,/2)=.0868 
. M=.1736Pr3 

M_ .1736Pr7* 
N Vv = 
OW X = 4821Pr* 


(20) 


=.3601r=Z (21) 


— 
Since .3601=sin. 21°6’, the point is 
21°6' from X on the are XZ. 
In a similar manner we have for Z, 
dM’=dZr cos. i, which with (9) gives, 


"eos.°é aim.” igi... . 

M’—2 Pr / =; — “ which is the 

same as (17). 

Hence M’=M=.1736 Pr? (22) 
This follows, indeed, from element- 
ary principles; for, since the pressure 
on the dome is normal to the surface, the 
total moment about A is equal to zero; 
or the moment of X is equal to the mo- 

ment of Z. 

M’ .1736 Pr? 
N a -r —= se ) 0 
oe “Gare 

The point is therefore 40°5'2 

on the are ZX. 

_ Dividing (11) by (7) gives, 
a 55901=tan. 29°12’20”, the angle 
ee washes 8 

made by the resultant wind pressure with 
the horizon. 


(23) 


Lr Ad 
‘ 


from Z 
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The moments of X and Z about the 
center of the base of the dome being 
equal, it follows that the excess of the 
moment of X over that of Z about the 
foot of the supports, is equal to XA, A be- 
ing the height of the supports. This is 
the moment of the force that inclines the 
dome to the leeward. 

Since the Y and Z components of the 
pressure on the part of the dome shown 
in the figures are equal, the resultant R 
of the normal pressure is, 

R= (X’ + 2Z’) $=2Pr’ [(.4821)*+ 2 

(.2695)"]}4=.6145 Pr (24) 

Again, since the sum of the Y compo- 
nents on the whole dome is equal to zero, 
we have for the resultant of the whole 
normal pressure, 

R=[(2X)? + (2Z)*]4= Pr’ | (.9642)? + 

(.5391)7]4=1.1047 Pr’ (25) 

The angle between the two partial re- 
sultants is given by, 
R*,—2R* =X’ 

2R° XX’ x 22? 

.9=52°1’.. The partial resultants there- 
fore, make an angle of 26°30’’ with the 
plane XZ. 

The pressure on the plane XZ is, there- 
fore, R sin. 26°30'’=.6145 PR? x .4385 
=.2695 PR’, which is the pressure in the 
direction YA ; (26) 

This agrees with (11). 





cos. 0= =.6154. 





Let ABCD represent a cylinder with 
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the axis vertical; r=radius, 7=length. 
Let K O be the direction of the wind, and 
P any point on the surface. 

Let KOB=a, BOP=i and KOP=8. 

Now cos. KOP=cos. KOB cos. BOP; 
or cos 0=cos. @ cos. #. 
Hence, 

1 2 cos.? O 

1+4 tan.’ 0 2cos.*0 +sin.*0 

cos.*a cos.*7 
1+ cos.2a cos.*é 


(1,1 _.) 
1+ cos.’a cos.*é 


sin.*7 + (1+ cos.*a) cos’é 
The area of an elementary strip adja- 
cent to the element PP’ is equal to rldi. 
Hence the normal pressure 


=2N=2r Pl 
di 


7 —___— —- 
JS (u- sin’ i+ (1+ +08.’ *a)cos*é 


a 
=4r Pt} ;— 


x2 


(1+ = ae 


(1 + cos.’ vaya me t- 


© ametiteees 
z ~ (1+cos.*a)% z) 


2 
— z). (27) 
(1+cos.*a)4 

2N=2r Pl (2—4/2)= 

=.5858 Pz rl (28) 
= The average normal pressure is, there- 
fore, .5858 on each unit. 
ws The pressure in the direction BO is, 
evidently 


2H april /'( cos.i di— 


=z2r Pl (2 


If ao, 


cos.é di )= 
ey 2 
~ sin’ + (1 + cos. *a)cos" iJ. X2 


=4Pri f(a ein.é—— -. 
. € 


d sin. 7 








=4P; u( in.i— 
re ene F cosa (1+ cos.’a)% 


(1+ cos.’a)* + cos.a a 
acai ——-} 3 
(1+ cos.*a)*% —cos.asin.*/o 





log. 





~ 2 cos.a(1+ cos.) log 
(1 + cos.*a)* + cos.@ 
(1+cos.*a)* —cos.a * 
If a=0,2H=4 Pri 


2 
— log. ¥ +s 
9 et) ___ 
aa/ = oe 


(29) 


=.7536P x 2r1 (30) 
vV/ 
This is equivalent to .7536 P on each 
unit of the meridian plane. 
The lateral pressure, normal to the 
a ABCD, is evidently, 


=3 Pr Uf (sin.i i di— 
— 1 

—2 ‘ 8 s di— - 

Pri f'(sin.i d ei 


sin.i di 


sin. di 
1+sin*a cos.*i 


>. + cos.é 
cos. @ 


=2 Prldi —cos.i— - 
COS. a 


-1 7 
t 


tan. COS.@ COS.7z (31) 
—1 
tan. 


1 
=% Pri(1— =. r cos.) (32) 


Ifa=o, Y= Pri(2 — =) =.4292 Pri. (33) 


This is equivalent to a pressure of .4292 P 
on each unit of the plane OBD. 

The shearing strain is given by (30), 
and is, H=1.5072 Pri. 

The moment of H about the foot of the 
supports is H (47+/), 2 being the height 
of the supports. 

If the axis of the cylinder is horizontal, 
N and H are given as before, and Z, 
which is the same as Y in the preceding 
case, is given, of course, by equations 
(32) and (33.) 

Let (= the angle between the direc- 
tion of the wind and the horizon. This 
is equal to the angle between H and the 
horizon, or Z and the vertical plane 
through the axis of the cylinder. 

The moment of H about the foot of the 
supports is therefore, H (47+) cos. f. 

Let us consider a right cone standing 
upon its base. 

Let 27=the vertical angle of the cone. 

Let a=the angle between the direction 
of the wind and the normal to the axis, 
the angle being considered positive down- 
ward. 
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a+v=the angle between the direction 
of the wind and the normal to the element 
of the cone on the windward side. 
Substituting this for a, and the convex 
surface of the cone for that of the cylin- 
der in eqs. (27), (29) and (32), we have, 


‘ — 7, ——_———— 
QN=4 Pari(2 ee =) (34) 


2H=2Pri 
1 


-1 


tan. cos. (a+). (36) 


oN=4 Pri(2— 
29H=2 Pri(1— 
(38) 


Y= (1- * tan. (39) | 
cos. | 


(1- sere (a+v)[1+cos.*(a + v) }6 

o (1+cos.7(a@+¥v) )4+ cos. ery, = 
log. (1+cos.*(@+v) on —cos.(a+v) (35) 

Y=Prl 
(1- cos.(@+ v) 
If the wind is horizontal, a=o, and the 
above equations become, 
were. ) 
(1+ cos.*v)*/ ° 
1 
cos.v (1+ cos.*v) #4 : 
a +cos. “ya + cOs.r 
(1+ cos.*v)}4—cos. ;) 
=i 
cos. v) 

If a= —, is wind is normal to the'| 
element of the cone on the windward 
side, and equations (34), (35) and (36), 
become, 
2N=42rPi (2—4/2) (40) 
f/2+ :). (41) 


IN a cl Blass 
7 an 


2H=2Pri (1 oe 
2,/2 


PF ie > a 
Y=4 Pri(2 -) (42), 

These equations are just one half of | 
equations (28), (30), and (33), as they | 
ought to be, since the surface of the cone | 
is one-half that of the cylinder. 

The moment of H about the foot of | 
the supports is evidently 


M=H (4/+A) cos. 


Which becomes, M’= 
wind is horizontal 


If the apex is dveumee’, omtios 
(34)... .(39) apply by putting —v for v. 


; (43) | 
H(i Z+h) when the |- 
. (4 


—v however, gives the same results aa 


+v in equations (37), (38), and (39), as it | 


ought to do. 


(37) os 
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The moment of H is the 
same as when the apex is uppermost, with 
$2 substituted for 47. 

If the axis of the cone is horizontal, 
the same equations apply, as sufficiently 
explained with reference to the cylinder. 

It is evident that the equations apply 
directly to a frustum of a cone, the con- 
vex surface of the frustum being substi- 
tuted for the convex surface of the cone 
in the preceding equations. 

If. Let us suppose the pressure upon 
a unit of area of surface to be, P cos.c= 


P 
—., i being the angle of incidence as 
sec. 


tel 
dome. 


Let us consider a hemispherical 
Then the pressure on the band 


cdec’e’ in Fig. 1 is 


adN=P cos.z. =" sin. i di= 
= ‘Pa r* cos.i sin.é di 


eZ 


N=—}Pzr’ } cos. 5 he 
=} PXj2zr=. 


. (45) 


7854 Pr’ 
On the whole dome, 2N=4$P x zr”. 


(46) 
(47) 


The average normal pressure is there- 
fore equal to 4 P. 


TO FIND X. 
From (45), dX=dN cos.i= 
4 Pzr’* cos.’i sin. i di 


° wand Pee’ fos sin. di=—4 


Par'(cos. i) T=} Par’. (48) 


and 2X= =P 4ar° = 4Pzr’. (49) 
Hence the X component of the press- 


| ure is equivalent to a pressure of 3 P on 


each unit of the meridian plane YAZ. 
TO FIND THE MOMENT AND THE POINT 
OF APPLICATION OF X. 
The moment of dX about the point X is 


9 
'dM=dX. Jude sin.i= 
a a 
=Pr cos.*i sin.*i di. (50) 


-M=Pr3 f(sin*i di—sin.*i di)=Prs 


{i- 


TT 
= 


sin.7 cos. ¢+2sin.’ *t cos.i 
8 


° 


= (51) 





REPORTS OF 


\ 3 7 Wy Add 
Now = ==$ r=ein. ~'29°1 27 


(52) 


giving the point of application. 
TO FIND THE VERTICAL COMPONENT Z. 
From (45) and the equations preceding 
(9), the vertical component of the press- 
ure on the band 
‘ 
=dZ="sin.ix 4 Pr’ cos.i sin.i di= 
/ 


==P;* cos.i sin.*t di. (53) 


FS Z=Pr* / sin.*icos.i di=}4 Pr* 


vT 


—+=4}Pr’. (54) 


1 sin. vit 


and 2Z= % Pr’. (55) 


TO FIND THE MOMENT AND THE POINT 


OF APPLICATION OF Z. 


Moment of dZ=d M'=dZ cos.i= Pr3 
cos.*/ sin.*i di, which is the same as (50). 


' = 3. 
Hence, M ier’ 


_ 37 
Z~ 16 
Now the resultant, R=(X° + 2Z’)* 

=Pr*[(.5236)* + 2 (4)?]=P?r* 
(.27415696 + .22222222)4=.70454P?”. 
Also R’=| (2X)* + (2Z)*]4= 
(1.09662784 + .44444444)$—1.2414 Pr’. 
The angle between the two partial re- 
sultants is given by, 


'r=.589r—=sin. '36°5' 20’. 
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Pty 
VA 


-27415696 


— £FO 
“foeaTo1g = -°5281) 


cos. 0= TF 


*. 0=56°28'28” and a 28°14'14" the 


193 


angle the partial resultants make with the | 
plane XZ. 

The pressure on the plane XZ is, there- 
fore, R sin. 


28°14'14” =.70454P?” x.47312=4 
P,*=Z=Y, as before found. 


From (54) and (48) we have, 


9 
S 3 69068 =ten. 32°28'54’” which is 
x @z 
the angle the resultant makes with the 
plane XY. 

As other results, in the light of the 
above, are easily found, it is not neces- 


(56) 





sary to extend this part of the subject. 
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It is selina. too, that the former results 
agree more nearly with experiments than 
the latter. The latter results are always 
greater than the former, as I will now 
show; and so probably err on the safe 
side. 


1 


~ gee. z 


1 
- (1+ tan.’ 
1 
(1+tan.*é+4}tan.‘i)4 


We have, <= : id 


and — = 

1+4 tan.* 
We see that the’ above formulas meet, 
in general, every practical demand in refer- 
ence to domes and their supports. They 
apply, also to the parts of bridges, includ- 
ing suspension cables, ropes and wires 
for the transmission of power, telegraph 
wires, etc. Also to water tanks, stand 
pipes, chimneys, towers, columns, ete. 
The writer expects to deal still further 
with the general subject in a future article. 

————_- > 

REPORTS OF ENGINEERING SOCIETIES. 

NGINEERS’ CLUB OF PaiLaADELPHIA—REcoRD 


iD oF Reautar Meetine, October 18th, 1884. 
President William Ludlow in the chair. Mr. 
C. Henry Roney showed a Portable Storage 
Battery for Mining and Exploring Purposes, 
with small incandescent lamps, illustrating his 
remarks with blackboard sketches. The bat- 
tery shown was a modification of Planté’s, 
devised by Dr. E. T. Starr, of Philadelphia, 
the electrodes consisting of V-shaped plates of 
sheet lead arranged over each other, the con- 
vexity downwards, with a slight interval be- 
tween them, their ends attached to a lead frame 
by ‘‘ burned” joints, the interstices between 
the plates being filled with finely divided 
metallic lead, exposing a large surface to oxida- 
tion and reduction when subjected to dynamic 
electric or voltaic energy, and, in turn, giving 
off a large percentage of the ‘‘ stored ” energy 
to incandescent lamps placed in the circuit. 
The battery shown me asured 3} inches long, 
2? inches high, and } inch thick, and would 
maintain a small two-candle incandescent 
lamp at incandescence for about one hour. A 
battery sufficiently large to run an eight-candle 
lamp for ten or twelve hours would not be too 
large or heavy to carry conveniently for mine 
or other underground exploration. 

Mr. W. L. Simpson exhibited and described 
the Thompson Indicator. He considers it 
handsome in design, and convenient and 
simple in arrangement. Cards can be taken 
with it at as high a pressure as 500 Ibs. per 
square inch. All the moving parts are made 
very light and strong, which is a consideration 
of much importance in an indicator, especially 
when used on engines traveling at a high rate 
of piston speed. The coiled spring w ithin the 
paper cylinder, for increasing or decreasing 
the tension of different spee ds of engines, is so 
arranged that as little or much of it can be 
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taken up as may be desired. This is quite an 
improvement, as, formerly, a whole coil of the 
spring had to be taken up or none at all. By 
means of a jamb nut the horn handle screw 
can be set so as to regulate the pressure of the 
pencil on the paper, the back of the screw 
touching against a small post, and thus avoid- 
ing any strain tending to throw the parts out of 
line through too much pressure. To exchange 
springs is very easy, it only being necessary to 
unscrew the milled nut at the top of the steam 
cylinder, take out the piston with its arm and 
connections, disconnect the lever and piston 
by unscrewing the small knurled-headed screw 
which connects them, when the spring can be 
removed from the piston and the desired one 
substituted. 

All springs made for this indicator are 
scaled, providing for 30 inches vacuum; and 
the capacity of any spring can be ascertained 
by a simple rule. To adapt the Thompson in- 
dicator to all pressures, springs can be made 
to any desired scale. The following are the 
most generally used: 8, 10, 12, 16, 20, 24, 30, 
32, 40, 48, 50, 56, 60, 64, 80, 100. For press- 
ures from 65 to 85 Ibs. a 40 Ib. spring is best 
adapted, for as 40 lbs. pressure on a 40 Ib. 
spring will raise pencil one inch, 85 lbs. press- 
ure on the same spring will raise pencil about 
two inches, which is the usual height of a dia- 
gram, 

By means of the ‘detent motion,” consist- 
ing of a pawl and spring stop, the paper cylin- 
der can be stopped and the card taken off with- 
out unhooking the connecting rod. An ar- 
rangement of a swivel carrying a scored wheel 
allows the connecting cord to be run at any 
angle, so that it is possible to connect with 
any motion, of whatever kind, wherever it may 
be. 

Mr. J. J. deKinder described the repairs to 
the 36-in. Belmont Submerged main, Phila- 
delphia, recently made by him. The specially 
novel feature of this undertaking was a float- 
ing cofferdam, the bottom of which was built 
around the main, and the whole structure kept 
in exact balance, during freshets, etc., by two 
water-tight scows, suspended on its sides, into 
or out of which water was pumped to regu- 
late the weight. 

The rock lay so near the river bottom 
as to render a sheet-pile structure impossible. 

W. Bugbee Smith introduced the subject of 
the Fire Protection of Mills. Mills must be 
properly built and furnished with adequate fire 
extinguishing apparatus. The best construc- 
tion has been found to consist of heavy wooden 
posts and girders, solid plank floors and roof. 
The usual tire extinguishing apparatus consists 
of water buckets, hydrants and hose. In addi- 
tion to this, some mills are furnished with per- 
forated sprinkler pipes, running lengthwise 
through the mill, perforated with holes ;; inch 
diameter and about nine inches apart. In case 
of a fire, by opening a valve outside of the 
building, water is let into the pipes and on the 
fire. The objection to this system is the fact 
that the water is not confined to the spot where 
the fire occurs, but is distributed over such a 
large area that much damage is done by it. 
also requires human agency to make it effective. 


It| 
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| To overcome these objections, automatic 
sprinklers, have been invented. These are 
valves, placed on a system of pipes near the 
ceiling and opened by the heat of the fire. 
They are kept closed by means of a fusible 
solder which melts at about 166° Fahr. The 
heat rising from a fire melts the solder joints of 
the sprinkler immediately over it, and thus the 
water is put just where it is needed. 

There are two general classes of automatic 
sprinklers, the sealed, such as the Parmelee, 
Burritt, Rose and Bishop ; and the sensitive, 
such as the Grinnell, Burritt, Brown & Hall, 
and the Kane. After describing the methods 
of piping a mill for each of the classes, 
samples of the above-mentioned sprinklers were 
exhibited and their peculiarities explained. 

The automatic sprinklers have been in use 
about twelve years, and recent tests show that 
the fusible solder has not lost its strength and 
sensitiveness in that length of time, though ex- 
posed to pressure and water hammer. 

The effectiveness of automatic sprinklers 
fire extinguishers is shown by the fact, that 
out of 110 fires originating under them and of 
which the damage is known, for 67, or 60.9 per 
cent. of the whole number, no damage was 
claimed; for 12, or 10.9 per cent,, the damage 
was less than $250; for 8, or 7.2 percent., be- 
tween $ 250 and $500; for 11 or 9.9 per cent., 
between $500 or $1,000; for 12, or 10.9 per 
cent., between $1,000 and $20,000. 

The Secretary exhibited, for Mr. S. L. 
Smedley, a photo-lithographic reproduction of 
a topographical map of Philadelphia, by John 
Hills, 1796, and pointed out some of the re- 
markable evidences of its great accuracy in 
detail. 

Mr. Francis Lightfoot, of West Chester, in- 
troduced by the Secretary, explained a model 
of a Rail Joint in which no plates or loose 
pieces are required, the ends of the rail being 
lapped and bolted together through oblong 
slots. 

NovEMBER ist, 1884, — President 
Ludlow in the chair. 

The Secretary presented, for Mr. A. W. Sheafer, 
Notes upon the Relative Cost of Haulage in the 
Anthracite Mines of Penna., by Mules and 
Locomotives. These embodied the results of 
investigations by Mr. Thomas H. Phillips, 
Supt. Kalmia Colliery. The results are as fol- 
lows: Cost per ton per mile: by locomotive, 
{5 cents, by mules 1,53, cents; saving, per ton 
per mile by locomotive, 1,23; cents. This in- 
cludes operating expenses and depreciation, 
but does not include the additional number of 
cars and turnouts and repairs to roads, required 
for mule service. 

The Secretary also exhibited for Mr. Sheafer, 
a set of Electrical Photographs of the Kohinoor 
Colliery Mine Workings. The exposures were 
from 20 to 30 minutes, and the results are ex- 
cellent. 

The Secretary exhibited the Bush Interlock- 
ing Rail Bolts, which interlock within the tie 
under the middle of the rail. They are speci- 
ally intended, it is believed, to resist the lateral 
strain of the train upon curves. 
| Mr. Thomas M, Cleemann continued some 


Ss 


William 


| previous remarks that he had made on the 
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Strength of Wrought Iron Columns, showing 
how some recent experiments by Mr. James 


Christie, at the Pencoyd Iron Works, gave | 


values of the constants in Rankine’s formula 
somewhat different from those generally used, 
and which would, therefore, be better to adopt, 


for calculating their strength, in structures of | 


American iron. 
In discussing the above, Mr. James Christie 


stated that the experiment referred to by Mr. | 


Cleemann were subsequently supplemented by 
similar experiments on steel, and a basis estab- 
lished for the relations existing between steel 
and iron compression members for structures. 
In addition to the practical results obtained, the 


experiments were of peculiar interest, inasmuch | 


as they add additional confirmation to the 
ordinary theory of flexure as propounded by 
Euler a century, ago. Experiments on beams 


of iron and various grades of steel, show a} 


practically uniform elasticity, however differ- 
ent the materials may be in ultimate tenacity. 
When the lengths of column are so great in 
proportion to cross dimensions that failure will 
occur almost entirely by bending, then the 
elasticity of the material is the sole measure of 
its resistance, and the common theory of flex- 
ure will apply. The experiments showed that 
when certain ratios of length to cross-section 
were reached, uniform resistance occurred be- 
tween iron and steel, a fact, he believed, not 
heretofore known. 


Capt. O. E. Michelis presented a blackboard | 


description of what he was allowed to see at the 
recent exhibition of the ‘‘ Keeley Motor” in 
Philadelphia. 

>_> 
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‘onstruction oF A Dry-Dock In QuICKSAND- 
J By — ZimMerMANN.—This dock was built 
at Hamburg for the Hamburg-American Steam 
Packet Company. The only available site was 


a narrow strip on the Bank of the Elbe, per- | 
pendicular to the river, partly below high water, | 


and the soil so loose and porous that it would 
only stand at a slope of 1 in4. The excavation 
was 390 feet long, 66 feet broad, and about 23 
feet below low-water level as a maximum. 

Want of space precluded the formation of a 
cofferdam, of several rows of sheet piles of 
varying heights, which would have been the 
safest arrangement, so it had to be constructed 
of a single line of sheet-piling, which not only 
had to support the entire pressure of the sur- 
rounding soil, but, owing to its unavoidable 
imperfect watertightness, allowed the water to 
percolate through the sides. The first step, 
therefore, was the setting up of four turbines 
for pumping out the water. The work de- 
manded of them was the lifting of 15,275 cubic 
yards, a maximum height of 23 feet in three- 
and-a half hours; but they did it perfectly in 
half that time—that is, they lifted on an aver- 
age 2.42 cubic yards per second. 

In order to limit the depth to which the 
piles had to be driven as much as possible, the 
bottom of the dock was not made horizontal, 
but rounded, to correspond with the form of a 
vessel, so that to drive the piles down to 23 feet 


- 


” 


19 


Nl 

| below low-water level was sufficient. The 
| space enclosed by the piling was then dredged 
out. The concrete employed for the founda- 
tion was formed of 9 parts Luneburg lime, 7 
trass, and 16 sand, mixed with twice that 
; volume of broken stone, and was at first shot 
| out for the entire thickness of the floor of the 
| dock at once, by means of a wooden shoot or 
funnel attached to a traveling crane; but this 
arrangement did not answer well, for the shoot 
often splintered and broke, so an iron one had 
| to be substituted. After the concrete had lain 
three months under water, the water was 
| pumped out, and the concrete, though not per- 
fectly set, was found sufficiently water-tight. 
Splinters of the wooden shoot were found in 
the concrete floor, and their removal caused 
| strong springs or leaks, but these were success- 
fully stopped by iron-cement. 

On the concrete floor the side and front 
walls were built of brickwork, and carried up 
to summer flood-level, with a rebate or recess 
for a caisson, and all round the dock is a quay- 
wall reaching above highest flood-level. 

After a time it was observed that the butting 
of the caisson against the walls loosened the 
| mortar, and the recess was not watertight, but 

it was made completely so by a facing of 
planed cast iron with concrete backing. 
The weight of the empty dock alone is not 
sufficient to resist the upward thrust of the 
water at very high tides; but when loaded 
with the weight of a ship there is, of course, 
}an abundant margin; and when no ship is in 
dock it is arranged that so much water shall be 
admitted as will satisfy the conditions of 
| safety. The work was carried out in 1868 to 
| 1870, and cost £65,000. 
me 
IRON AND STEEL NOTES. 

\ONSTITUENTS OF STEEL.—At the recent meet- 

ing of the Iron and Steel Institute, Mr. I. 


C 


Lowthian Bell in the discussion of a paper on 
crucible steel, said, some importance seemed to 
be attached by Mr. Seebohm to the possibility 
of manganese existing in possibly two forms in 


steel. He had made no experiment with a view 
of ascertaining that, but it might interest Mr. 
Seebohm and Mr. Snelus, who also spoke on 
the subject, to know that not only carbon, but, 
as he believed, manganese was also occasion- 
ally separated in the way that carbon was, be- 
cause upon one or two occasions, noticing a 
species of excrescence, as it were, on the face 
of pig-iron run from the blast furnace, he had 
this matter, which was silica in appearance, 
analyzed, aad found it contained not only a 
certain portion of carbon, but a considerable 
quantity of manganese, and also of silica—silica 
in such a state of mechanical texture as left no 
doubt at all on his mind that, in point of fact, 
the silicon had been extruded from the iron 
itself and oxidized as it met the air, and thus 
formed silica. He quite agreed with what fell 
from Mr. Seebohm as to the desirability of the 
chemist being appealed to, perhaps even more 
urgently than he had yet been appealed to, with 
regard to explaining certain differences in the 
quality of steel, and, indeed of iron, generally. 
If the chemist up to that time had not succeed- 
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ed in furnishing an explanation for all those 
differences, gentlemen must remember that the 
science of chemistry as applied to iron, cer- 
tainly in this country, was somewhat new, and 
that the quantity of matter necessarily very 
seriously affecting the quality of the steel was 
so minute that they could scarcely be surprised 
if the researches of chemists had not yet mas- 
tered with sufficient exactness all the details 
required for ascertaining and detecting the 
presence of matter in such small quantities as 
were required for effecting the object he had 
just referred to. He might state that only re- 
cently, at the Monkbridge Iron-works, they 
were making iron, and they found it to be very 
red short. Mr. Kitson sent a specimen to him 
in order that he might ascertain if possible, the 
cause of this. Believing it possible that occlud- 
ed oxygen might be at the root of the evil, he 
had some experiments tried upon the old lines, 
and found nothing to induce him to believe 
that oxygen was at the root of the evil; but 
happening to fall upon a recently discovered 
method of estimating the quantity of oxygen in 
iron, he had that tried, and then he found that 
in the red short iron there was fully double the 
quantity of oxygen in some form or another 
than there was in the specimens that were not 
red short. He merely mentioned this circum- 
stance to show that they must not be impatient, 
but must work diligently and carefully in order 
to make themselves properly acquainted with 
all the circumstances and conditions which af- 
fected the quality of the material in the manu- 
facture of which they had so great an interest. 
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RAILWAY NOTES, 


LS eon Rattway Roxiiwe-Srock.—There 

are altogether, on French railways, 6,893 
locomotives, of which 2,826 are passenger, and 
4.067 goods engines. There are also 15,432 
carriages, of which 3,208 are first-class, 5,315 
second-class, and 6,909 third-class, together with 
182,089 wagons. As regards the principal com- 
panies, the following are the figures: Northern, 
1,138 locomotives, 2,021 carriages, and 33,971 
wagons; Eastern, 922 locomotives, 2,359 car- 
riages, and 22,401 wagons; Western, 1,045 loco- 
motives, 2,881 carriages, and 17,465 wagons; 
Orleans, 970 locomotives, 2,100 cerriages, and 
40,433 wagons; Paris - Lyons - Mediterranean 
1,960 locomotives, 3,489 carriages, and 62,200 
wagons. 
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ORDNANCE AND NAVAL. 


_— Heavy Guns or 1884.—This formed the 

subject of a lecture delivered by Colonel 
E. Maitland, R.A., superintendent of the Gun 
Factory, Woolwich, before the United Service 
Institution, on June 20. The walls of the thes 
ater were covered with diagrams of the latest 
piece of ordnance and sections of breeches, 
whilst the floor was occupied by a steel cannon 
and the breech of one of the new pattern inter- 
rupted screw breechloading guns Colonel 
Maitland said this was the time for laying be- 
fore the public as clear an exposition as possi- 
ble of the subject, which was one of national 


importance, setting forth the causes which had! the Elswick gun of 110 tons, being manufac- 





led to the necessity for the re-armament of our 
naval and military forces, the progress now 
made in that re-armament, and the comparative 
efficiency of the heavy guns of 1884 in England 
and in the other chief countries of the world. 
The chief causes which had led to the necessity 
for the changes in our armament were—first, 
the improvement in powder; secondly, the im- 
provement in mechanical appliances; and, 
thirdly, the improvement in production of large 
masses of steel. These considerations had af- 
fected the great continnetal powers, for they 
also were re-arming extensively, though the 
changes being made on the Continent were 
more gradual and less radical than our own. 
In the latter part of the seventies (the period 
between 1869 and 1880) England certainly fell 
behind in the artillery race, but not to the ex- 
tent supposed by many who had not studied 
the subject. Asa matter of fact the old short 
breechloaders of the Continent were just as 
obsolete now as the old short muzzle-loaders of 
England, and up to 1875 or 1876 the British 
artillery was as good as anybody else’s. Then 
came a period of stagnation, and we fell to lee- 
ward. This country, however, had not been 
caught napping by an important war, but in 
waiting had got the best of the artillery contest. 
Colonel Maitland then, for the information of 
non-artillerists, dealt with some of the techni- 
calities of the gunner’s craft, and explained the 
improvements which had occurred in the mak- 
ing of gunpowder, one improvement being an 
increased energy given to the projectile by the 
slowing of the powder, so that it should burn 
while the projectile was traversing the bore and 
increase in burning until the projectile was 
about to leave the muzzle. He discussed the 
important question of powder at length, and 
showed that’the improvements in it had ren- 
dered breechloading in the guns to be an abso- 
lute necessity, as the guns had now to be made 
so long that loading from the muzzle became 
practically impossible on service, and the pro- 
jectile had to be held fast until a pressure of 
from 1 ton to 2 tons per square inch was set up 
in the chamber, which could only be done in 
breech-loading guns. He spoke warmly of the 
promptitude with which Colonel Brackenbury, 
of the Woolwich Gunpowder Factory, had 
grappled with the difficulties of giving a suit- 
able powder for improved English guns. Hav- 
ing referred to the cocoa powder of the Germans 
—a secret—Colonel Maitland dealt with the 
subject of breechloading and remarked that a 
satisfactory closing of the breech was not ac- 
complished by any nation until after the Fran- 
co-German war of 1870-71, after which period 
Krupp entirely remodeled his breech fittings, 
and the French adopted an entirely new method 
of obturation, invented by Dr. Bange, of the 
French artillery. Colonel Maitland then stated 
that we had in hand guns of an efficient char- 
acter up to 110 tons. He next spoke upon the 
Krupp system, the French marine system, the 
French land service system, and, lastly, upon 
the improvements which had been adopted in 
some of our own guns, the trials of these sys- 
tems, and tne avoidance of some defects dis- 
covered in working. He presented a section of 
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tured for the government by Sir W. Armstrong, 
Mitchell & Co. This gun, he said, was entirely 
of steel, and had three layers of hoops over the 
breech-piece. In this gun there would be sev- 
eral important improvements upon the 100-ton 
gun of the Italian government. As to the 
adoption of steel for breechloaders, he justified 
the adoption of the metal, now thoroughly 
tested by German experience, and declared that 
England, in coming last, had really got the best 
forged steel construction known in guns. He 
considered that England had obtained all the 
advantages of France and Germany combined, 
and, moreover, not being hampered by the ne- 
cessity of utilizing old material, we had been 
able to devote all our energies to new guns of 
the best quality, instead of altering old guns of 
inferior type. We had, moreover, greatly ex- 
tended the ballistics of our guns, and had con- 
ferred on them unsurpassed powers in propor- 
tion to their weight. In conclusion, he said 
that now the time had arrived for the country 
to face the question of re-armament seriously, 
to grant the money, and to push on the manu- 
facture. After remarks made by several speak- 
ers upon different points in the lecture, the 
discussion was adjourned. 


HE TorPEDO Firrincs or THE Navy.—In 
the ships of war recently built and in 
those now in course of construction, the fitting 
of underwater torpedo gear has been abandoned, 
the experience derived from the practice of the 
Inflexible not having been altogether satisfac- 
tory. Ships designed for exclusively torpedo 
service, such as the Vesuvius, the Polyphemus, 
and the Scout (which is now being built on the 
Clyde) may continue to be provided with sub- 
merged projectiles, but even in these the torpe- 
does will probably be only discharged from the 
stem ports in consequence of the difficulty of 
expelling them from the broadside of a ship 
under way and the impossibility of firing them 
in a straight line. The best results have hith- 
erto been obtained from the stem tubes, and 
from the great accession of speed which has 
been realized by the improved Whiteheads and 
the greater impulse which is communicated to 
them by the general adoption of the air-gun 
system, there is now no longer any danger to 
be apprehended from the projectile being over- 
taken and exploded by the ship from which it 
has been discharged. This desirable direct 
ahead fire has up to the present time been se- 
cured by two methods. In the Polyphemus, 
for instance, as in the similar case of the Italian 
turret-ship Duilio, the torpedo port is cut in the 
ram itself. This system has the obvious disad- 
vantage of seriously weakening the spur and 
its attachments, and thus conducing to the 
crippling of the ship if not to its actual disable- 
ment. Provided a fair blow be delivered by 
the ram there will be no necessity to discharge 
a torpedo simultaneously with the blow to se- 
cure the complete destruction of an enemy; but 
should the blow, as happened in the case of the 


Defence and the Valiant, be deflected by a) 


change of helm on the part of the enemy, the 
probability is that the spur of the Polyphemus 
would be so far disabled as not only to prevent 
her ramming a second time, but to prevent her 
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using her torpedo armament. In the Inflexible, 


on the other hand, direct ahead fire is obtained 
by launching the torpedo over the stem by a 
sliding bar from above, a method which exposes 
the mechanism and the men handling it to the 
torpedo guns of an enemy. A new arrangement 
is now being introduced into the Camperdown, 
building at Portsmouth, and will also be em- 
bodied in the Scout and the Benbow. In addi- 
tion to the four socket tubes on the broadside 
having a range of 70 degrees before and abaft 
the beam, or 20 degrees in a fore and aft line, 
the Camperdown is having a torpedo port 
worked in her brass stem on a level with the 
main deck and consequently high above the 
water line and her submerged prow. The gear 
and the men will consequently be well under 
cover. The torpedo, which is 16 feet long and 
14 inches in diameter, is inserted in a steel cyl- 
inder of just sufficient dimensions to contain 
the projectile, and having a brass lining in 
which the grooves along which the T pieces of 
|the torpedoes run are cut. The highly com- 
pressed air is admitted at the rear of the tube 
and in direct contact with the torpedo. In the 
old system the impulse was given by means of 
a piston, the blow from which when the engine 
| was not in touch with it, was sometimes violent 
enough to injure the delicate mechanism of the 
torpedo. When everything is ready for firing, 
a touch of the firing key releases a brass ball 
magnetically held in position, the fall of which 
is made to rotate a lever, which in its turn re- 
leases the safety pin, and the torpedo is blown 
out of the ship. The only mishap which could 
possibly attend this method is the discharge of 
the torpedo before the port door had been 
opened, and the consequent explosion of the 
missile on board. This might be supposed to 
be an imaginary danger, but it has been practi- 
cally provided against by an arrangement of 
levers. The port itself is elliptical, to allow for 
the fall of the torpedo in escaping from the 
ship; but the true nature of the parabola de- 
scribed by the torpedo in falling remains to be 
determined by careful observations. As the 
projectile leaves the tube a stud trips the trig- 
ger and sets the propelling engines in motion. 
—London Times. 
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The subject of this volume is of deep interest 
tomany. The author has aimed to show the 
necessity for the manufacture of steel guns in 
this country, and to provide a manual of refer- 
ence for those who desire to know the details 
of the latest methods of manufacture. 

The methods pursued in England, France, 
Germany, Russia and United States are de- 
scribed and fully illustrated by diagrams. 

An enumeration of the machines and tools 
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duum of error in our best executed measures, 


|and, instead of certainty in our results, look 


only for probability. 
The discrepancies from the true value due to 


these unexplained disturbing causes we call 
errors. These errors are accidental, being 
wholly beyond all our efforts to control. As 


|soon as they are known to be constant, or we 


for a plant for gun manufacture, and the ‘‘ Gen- | 


eral Summary of the Gun Foundry Board” 


close the volume. 

TREATISE ON THE ADJUSTMENT OF OBSERVA- 
LA noxs. 
Assistant Engineer, United States Lake Survey. 
New York: D. Van Nostrand. 


The method of obtaining the most reliable | 


result from a series of observations or meas- 
urements, when such observations are multi- 
plied for the sole purpose of securing accuracy, 
is a subject of profound study, which is alike 
profitable to the student of theory or to the 
practical worker. The author of the present 
treatise is fullyin sympathy with both classes, 
and, moreover, exhibits the capabilities of an 
instructor. 

The increasing demand for better accuracy 
in surveys of all kinds has been responded to 
by the production of better instruments. But 
given the best instruments and the best observ- 
ers, the question of how to obtain the best re- 
sults is still an open one. To the importance 
of this question, the attention of American 


learn the law of their operation, they cease to 
be classed as errors. 

A very troublesome source of discrepancies 
in measured values arises from mistakes made 


| by the observer in reading his instrument or 


By T. W. Wriecut, B.A., late | 


recording his readings. . Mistakes from imper- 
fect hearing, from transposition of figures, and 
from writing one figure when another is intend- 
ed, from mistaking one figure on a graduated 


|scale for another, as 7 for 9, 3 for 8, ete., are 


not uncommon. These also must be classed as 
accidental errors, theoretically at least. Hav- 
ing, therefore, taken all possible precautions 
in making the observation, and applied all 


| known corrections to the observed values, the 


students has not been heretofore sufticiently | 


awakened. 
a valuable stimulus to learners who aspire to 


This treatise will be found to be} 


the performance of good work in Surveying, | 


Astronomy or Physics. 

The introductory chapter fully sets forth the 
nature of the work to be accomplished, viz. : 
the elimination of the effects of errors in meas- 


urements of various kinds, and describes the | 


sources and kinds of error whether inherent or | 


accidental in either the observer or instrument, 
or external to both as in the atmospheric condi- 
tions; and summarizes the conditions as fol- 
lows: ‘‘ When all known corrections for instru- 
ment, for external conditions, and for peculiari- 
ties of the observer have been applied to a di- 
rect measure, have we obtained a correct value 
of the quantity measured? That we cannot 
say. If the observation is repeated a number 
of times with equal care different results will 
in general be obtained. 

he reason why the different measures may 
be expected to disagree with one another has 
been indicated in the preceding changes. There 
may have been no change in the conditions of 


sufficient importance to have attracted the |, 


observer’s attention when making the observa- 
tions, but he may have handled the instrument | 
differently, turned certain screws with a more 
or less delicate touch, and the external condi- 
tions may have been different. What the real | 
disturbing causes were he has no means of | 
knowing fully. If he had he would correct for | 
them, and so bring the measures into accord- | 
ance. Infinite knowledge alone could do this. 


With our limited powers we must expect a resi- | accord. 


resulting values which we shall in future refer 
to as observed values may be assumed to contain 
all accidental errors. We are then brought 
face to face with the question, ‘‘ How shall the 
value of the quantity sought be found from 
these different observed values ?” 

This is followed by a brief synopsis of the 
mathematical principles involved in the treat- 
ise: Probabilities, Definite Integrals, Taylor’s 
Theorem, Interpolation, and Periodic Series. 
This synopsis is only just full enough to in- 
form the reader in advance of the stock of mathe- 
matical knowledge requisite for the mastery 
of the treatise. It is only intended to remind, 
not to instruct him. 

The second chapter deals with the Law of 
Error, and we believe will be found full of in- 
terest to the mathematical student. The author 
shows how the accepted methods were evolved, 
and presents the earlier processes in historical 
order. 

The chief topics of this chapter are: The 
Arithmetical Mean; Law of Error of a Single 
Observed Quantity ; Law of Error of a Linear 
Function of Independently Observed Quanti- 
ties; Comparison of the Accuracy of Different 
Series of Observations; The Probability 
Curve ; The Law of Error Applied to an Actual 
Series of Observations; Classification of Ob- 
servations. 

There is an important appendix to this chap- 
ter at the end of the volume. 

Chapter III. treats of the adjustment of Di- 
rect Observations of One Unknown Quantity. 
The principal topics are : Observed Values of 
Equal Quality ; Observed Values of Different 
Quality ; Observed Values, Multiples of Un- 
known; Precision of a Linear Function of 
Independently Observed Values. 

This chapter contains a large number of ex- 


| amples of ‘‘ Mean Square” and ‘‘ Probable Er- 


ror.” Also two appended notes relating re- 
spectively to Weighting of Observations and 
Rejection of Observations. In this latter note 
we find the following remark regarding a 
criterion for rejection, with which we believe 
all practical workers will find themselves in 
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‘*Tt may be stated, as a general rule, that 
criterions are apt to be most highly esteemed 
by those who look at the observations from a 
purely mathematical rather than from a prac- 
tical observer’s point of view. The latter is, 
without doubt, the true standpoint. Every 
observer will consciously or unconsciously con- 
struct a criterion suited to the sort of work he 
is engaged in. This criterion will not neces- 
sarily be founded altogether on mathematical 
formulas. Indeed, most likely it will not be. 
Nor does it follow that the criterion adopted in 
any special series is of universal application or 
will receive universal assent. In the process 
of weighting, the observer will not assign 
weights always as the inverse squares of the 
‘mean square error.” It is often better to as- 
sign them arbitrarily from a feeling founded on 
a general grasp of all the circumstances con- 
nected with the making of the observations. 
In like manner, and in this same feeling, he 
will found his criterion for rejection. There is 
no uniform rule for weighting ; neither is there 
one for rejection.” 

Chapter IV., on Adjustment of Indirect Ob- 
servations, deals at much length with Deter- 
mination of Most Probable Values. This is fol- 
lowed by: Precision of the Most Probable (Ad- 
justed) Values; Precision of any Function of 
the Adjusted Values; Average Value of the Ratio 
of the Weight of an Observed Value to its 
Adjusted Value and Artifices of Elimina- 
tion. 

The theoretical part of the treatise is com- 
pleted in Chapter V., which presents the con- 
sideration of the adjustment of a series of ob- 
servations which are not entirely independent 
of each other. This is termed the Adjustment 
of Conditional Observations. A general state- 
ment of the character of the problem is followed 
by: The Direct Solution (Independent Un- 
knowns); The Indirect Solution (Method of 
Correlates); Solution in Two Groups ; Solution 
by Successive Approximations. 

Examples are interspersed as in the preced- 
ing chapters. 

The remaining portion, nearly half of the 
volume, exhibits applications of the principles 
elucidated in the foregoing chapters. The 
examples are mostly from American practice. 
They are divided as follows: 

Chapter VI., Triangulation ; Chapter VII., 
Base Line Measurements; Chapter VIII., 
Leveling ; Chapter IX., Graduation of Line 
Measures, and Calibration of Thermometers ; 
Chapter X., Empirical Formulas and Inter- 
polation. 

The work throughout exhibits signs of care- 
ful preparation, and we believe it will be re- 
garded as a very valuable contribution to Eng- 
lish scientific literature. 


ORESTRY IN THE Minine@ Distriors OF THE 

Urat Movunrarss. Compiled by Jonn 

CroumBIE Brown, LL.D. London: Simpkin, 
Marshall & Co. 

This work, like the later ones of this industri- 
ous writer, is carefully compiled from reliable 
sources and is exceedingly compact. 

The chapters present in order the following 

ubjects: Journey from St. Petersburg; Forest 


Exploitation in Ufa; Mishaps in Traveling ; 
Russia and her People; The Ural Mountains ; 
Metallurgy; Forests; Depressed Condition of 
Mining and Manufacturing; Forest Exploita- 
tion; Abuses in Exploitation of Forests; Occa- 
sion of Diminished Supply of Wood; Glimpses 
of Life; Laboring Population: The Conquest 
of Siberia. 


CoursE OF QUALITATIVE CHEMICAL AN- 
atysis. By W. Gro. Vatentin, F.C.S. 
Revised by W. R. Hopexryson, Ph. D. Sixth 
Edition. “Philadelphia: P. Blakiston, Son & 
Co. 

The merits of Valentin’s work are well known 
to workers in the laboratory. The notation is 
that of Frankland, while the methods of separ- 
ation are largely original with the author and 
editors. ; 

Students using the text as a guide to practical 
analysis, find the full directions for their work 
especially convenient. 

The examination questions which are append- 
ed to each section, serve to direct the learner’s 
attention to the more salient points. Some ad- 
vantage to the student is also afforded by occa- 
sionally presenting the graphic symbol of a 
compound. 

The work is particularly good in the matter 
of detection of the acids and in the reactions of 
the rare metals. The latter portion represent- 
ing the later additions to the book. 


HE STEAM Eneine InNpDIcATOR AND Its Use. 
By Witt1aM Barnet LeVan. New York: 
D. Van Nostrand. 

The literature of the indicator is by no means 
scanty. There are not wanting essays upon 
this instrument which treat, more or less lucid- 
ly, upon its peculiarities, but many of them pre- 
suppose a certain familiarity with the indicator 
upon the part of the student, and plunge, in 
medias res, on the first pages. In regard to the 
indicator itself, a revival is in n progress. A class 
whom it is very essential to educate have taken 
it up and are availing themselves of its offices. 
They know nothing of it beyond the fact of its 
existence and are exceedingly anxious to learn. 
It is manifest that, for such readers, the treat- 
ment should be severely simple and rudimentary. 
It is difficult for many writers, who essay the 
task of teaching beginners, to comprehend this, 
this after brief allusions to the object of the indi- 
cator they proceed, without loss of time, to ther- 
mal units and adiabatic curves. Moreover, 

many works on the indicator are useless to 
students by reason of the mathematical process- 
es of elucidation employed. It is natural that 
an expert should couch his expressions in the 
shortest and most concise terms, but this cuts 
off a great many from availing themselves of the 
instruction given, for reasons sufficiently ob- 
vious to require no pointing out. 

In The Steam Indicator and Its Use, by Wm. 
Barnet LeVan, provision has been made for 
the class mentioned before. They are specially 
addressed, in point of fact, in simple language 
and by plain diagrams. Starting with a de- 
tailed description of the indicator, the author 
proceeds by easy stages to simple diagrams, 
explaining in terse language how they are pro- 
duced, the best methods of taking them, and 








524 


this is accompanied by the necessary diagrams, 
so that any person who is fit to be about an en- 
gine at all can use the indicator practically. 

Another point in favor of the work for those 
for whom it is compiled, is its low price. It is 
issued from thepress of D. Van Nostrand &Co., 
in their admirable Science Series, a form which 
has rendered many valuable papers popular, and 
insured a reading for scientific treatises, taken 
from high class publications which the multi- 
tude would never see. This work on the Indi- 
cator is appreciated by those for whom it is 
written, and is selling well. 


NALYTIC Meonanics. By E. A. Bowser, 
A Prof. of Mathematics and Engineering, 
Rutgers College, New Brunswick, N.J.; D. Van 
Nostrand, Publisher. 12mo. cloth. Price, $3.00. 

An American text-book on Mechanics that 
would present its leading principles in a clear 
and simple way, and at the same time furnish a 
substantial preparation for its higher branches, 
has long been desired. The increasing appli- 
cations of this branch of mathematics to the 
practical problems of engineering and archi- 
tecture have made a knowledge of it necessary 
to success in these departments. No one can 
appreciate the advances made in the theories of 
Light, Heat and Electricity, who is not familiar 
with the methods of Dynamics. 

The text-book of Prof. Bowser is admirably 
fitted for filling these conditions. He has suc- 
ceeded in happily combining simplicity and 
clearness of treatment with a full exposition of 
some.of the more difficult parts of the science. 

The practical bearings of the principles are 
illustrated by their applications to the mechani- 
cal powers, while attention has been given to 
the requirements for a preliminary training in 
celestial and physical mechanics. The work 
involves the use of Analytic Geometry and the 
Calculus, and in itself is a valuable discipline in 
these branches of mathematics. 

The chapters on ‘‘ Moment of Inertia” and 
**Center of Gravity,” furnish a fine illustration 
of the use and power of the calculus. The prac- 
tical way in which the author passes from theo- 
retical formule by means of numerous and 
wisely selected examples, to actual cases requir- 
ing arithmetical calculation, is a marked and 
valuable feature of the book, and makes an 
otherwise difficult subject, attainable and useful. 

The chapter on Friction goes a great way tow- 
ard divesting many of the problems of mechan- 
ics of their usually unreal character, in giving 
methods for dealing with the cases of bodies 
not perfectly smooth—cases of occurrence in 
things as we find them. 

An entire chapter has been devoted to ‘‘ Work 
and Energy,” and these important terms are 
fully explained and their physical significance 
definitely pointed out. 

Prof. Bowser has made a separate division of 
Kinematics—a science which bears the same 
relation to Dynamics that the science of Mechan- 
ism does to Mechanical Engineering. 

The distinction between motion, regarded 
merely as change of place, and motion as pro- 
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lastly, how to compute the areas enclosed. All large number of dynamical problems rest mainly 


on the relations between velocities, accelera- 
tions, &c., considered without reference to their 
causes, and there is a gain in clearness in mak- 
ing their treatment aseparate part of the subject. 

Under Kinetics the motions of bodies under 
the action of forces have been considered. The 
problems of central forces are taken up and 
illustrated, by showing that the Laws of Kepler 
are a necessary consequence of the law of gravi- 
tation. 

A suggestive and instructive feature of the 
book is the many references to the standard 
works on the different branches of mechanics. 

The treatment throughout is plain, direct and 
complete, and the arrangement is nicely adapted 
to purposes of instruction. 

The book is of convenient size, neatly bound, 
and printed in clear type. 


ge 
MISCELLANEOUS. 


N THE MEASUREMENT OF WIND-PREsSSURE— 
INCOMPLETENESS OF Borpa’s FormuLA.— 

By Dr. Fines.—Borda’s formula for deducing 
pressure of wind from velocity is F=CXxSYV%, 
C being a constant.coefticient for a certain 
plate, S the surface in square meters, V the ve- 
locity of the wind in meters per second, F the 
pressure of the wind in kilograms per square 
meter. C varies with size and shape of plate. 
Borda gives the following values : 
C=0.092 kilo. for plain plates of 0.011664 sq. me. 

0.100 6 * 0.026244 

0.104 0.059049 

0.120 0.929000 * 

The first three of the above values are given 
by Borda, the last by Rousse. Later, Navier 
found that in the case of movement in the at- 
mosphere at 10° Centigrade, under the normal 
pressure C=0.1278. Thibault, however, found 
the value of C under the same conditions to be 
0.1151. Dupré considered that Navier’s form- 
ula, R=0.1278 SV®°, is the right one to use. 

The author states that Borda’s formula gives 
rise to two sources of error, one owing to inac- 
curacy in the formula, the other to its applica- 
tion. Though the size and shape of the plate 
are known, the reciprocal reactions of the dif- 
ferent currents of air one upon the other are 
not; neither are their absolute velocities, the 
mean velocity only is known. 

The ordinary anemometer is incapable of re- 
cording the velocity of the wind at the time (of 
only a few seconds’ duration) of the most vio- 
lent gusts. M. Renard, however, made obser- 
vations during the violent storm of November 
16, 1880. He found that during an interval of 
twenty-five seconds the velocity increased from 
38 to 51 meters per second, and then dimin- 
ished in the following twenty seconds to 35.70 
meters, so that during this short interval the 
pressure varied from 325 to 136 kilograms per 
square meter. These observations, however, 
do not give the absolute maximum intensity 
which can have lasted only a few seconds, and 
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, may have been much higher than that above 


stated, and it is the absolute maximum velocity 
which is required for an exact application of 


duced by force has long been recognized, but | Borda’s formula.—Abstracts of Institution of 


seldom finds its way into our text-books. 


A | Civil Engineers. 








